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LETTER   OF  TRANSMITTAL 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Washington,  D.  C,  January  1^,  1905. 
Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
"Report  on  Progress  of  Investigations  of  Mineral  Resources  of  Alaska 
in  1904,"  and  to  recommend  its  publication  as  a  bulletin.  The  report 
contains  fourteen  papers,  prepared  b}T  ten  members  of  the  geologic 
corps,  who  have  been  engaged  in  Alaskan  investigations  during  the 
last  year. 

In  this  report  an  attempt  has  been  made  to  summarize  the  economic 
results  of  last  season's  field  work.  Geologic  matter  has  been  entirely 
excluded,  except  where  it  has  a  direct  bearing  on  the  subjects  under 
discussion.  While  such  a  report  can  have  no  permanent  value,  other 
than  as  a  record  of  mining  conditions  during  the  year,  it  is  believed 
that  its  prompt  publication  will  help  the  mining  industry  of  Alaska. 
Very  respectfully, 

Alfred  H.  Brooks, 
Geologist  in  Charge  Division  of  Alaskan  Mineral  Resources. 
Hon.  Charles  D.  Walcott, 

Director  of  United  States  Geological  Survey. 
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REPORT    ON    PROGRESS    OF   INVESTIGATIONS  OF 
MINERAL  RESOURCES  OF  ALASKA  IN  1904. 


Bv  Alfred  H.  Brooks  and  others. 


ADMINISTRATIVE  REPORT. 


By  Alfred  H.  Brooks 


INTRODUCTION. 

During  the  last  two  years  the  United  States  Geological  Survey  has 
met  the  demand  of  the  mining  public  for  early  publication  of  economic 
results  by  issuing  an  annual  bulletin  entitled a  "Contributions  to 
Economic  Geology."  Though  these  volumes  have  made  no  attempt 
to  treat  exhaustively  any  of  the  subjects  discussed,  and  while  many  of 
the  included  papers  have  been  but  the  barest  outlines,  they  have  met 
a  cordial  reception  from  those  interested  in  developing  the  mineral 
resources  of  the  country. 

Among  the  many  papers  in  these  bulletins  were  a  number  devoted 
to  the  mineral  deposits  of  Alaska.  In  view  of  the  rapid  extension  of 
the  Alaskan  work  of  the  Geological  Survey  and  its  segregation  in  a 
distinct  division,  it  has  seemed  desirable  to  issue  a  separate  publica- 
tion containing  the  papers  summarizing  the  previous  year's  work. 

It  is  proposed  to  present  here  papers  of  the  same  character  as  those 
which  have  in  previous  years  been  included  in  the  economic  bulletins, 
namely:  (1)  preliminary  reports  on  investigations  in  progress  or  com- 
pleted; (2)  an  account  of  the  less  important  results  which  will  not  find 
publication  elsewhere,  and  (3)  summary  statements  of  the  progress  of 
mining  developments  in  various  parts  of  the  Territory. 

The  appropriations  for  the  Alaskan  work  are  specifically  made  for 
an  investigation  of  mineral  resources.  In  this  fact  lies  the  justification 
of  the  policy  consistently  followed  of  doing  work  that  promises  to  be 
of  immediate  service  to  the  mining  interests,  rather  than  of  entering 
upon  minute  studies  which  have  for  their  purpose  the  ultimate  deter- 
mination of  the  laws  of  occurrence  of  mineral  deposits.     Furthermore, 

a  Bulls.  U.  S.  Geol.  Survey  Nos.  213  and  225. 
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in  this  field  the  developments  have  not  yet  reached  the  stage  which 
makes  it  possible  to  gather  the  detailed  facts  necessary  for  the  exhaus- 
tive study  of  any  given  area.  Of  necessity  much  of  the  work  has 
been  of  a  preliminary  character,  but  if  this  fact  is  specifically  stated  in 
the  publication  of  results,  intelligent  mining  men  will  not  give  undue 
weight  to  the  conclusions  presented.  The  attempt  has  been  made  to 
cover  the  whole  mining  field,  as  far  as  circumstances  permitted,  and 
to  give  the  public  the  immediate  benefit  of  the  facts  collected. 

Though  it  is  self-evident  that  final  statements  concerning  the  mineral 
wealth  of  a  region  must  be  based  on  a  comprehensive  knowledge  of 
the  geology,  it  is  equally  true  that  many  of  the  facts  collected,  and 
even  the  tentative  conclusions  reached  while  the  study  of  the  geology 
is  being  carried  on,  may  be  of  very  great  value  to  the  miner  and  pros- 
pector. If,  however,  the  geologic  work  stops  after  the  attainment  of 
only  such  incomplete  data  and  conclusions,  its  value  is  soon  lost,  for 
the  knowledge  obtained  by  the  miner  during  the  progress  of  develop- 
ments will  soon  be  more  complete  and  reliable  than  than  of  the  geolo- 
gist. Reconnaissance  investigations  must  therefore  be  supplemented 
b}^  detailed  surveys,  as  fast  as  warranted  by  the  mining  developments. 

In  Alaska  the  exploitation  of  ore  bodies  has  not  progressed  far,  and 
for  the  present  in  most  of  the  mining  districts  general  investigations 
would  appear  to  best  fulfill  the  purposes  for  which  the  appropriation  is 
made. 

Much  of  the  attention  of  the  Survey  in  this  field  has  been  devoted 
to  the  gold  placers,  where  the  conditions  of  occurrence  are  so  simple 
that  even  a  hasty  examination  may  lead  to  important  conclusions.  As 
an  example,  in  1899  a  few  weeks  of  field  work  near  Nome  indicated 
that  the  region  had  suffered  a  general  uplift,  and  that  very  probably 
old  seabeaches  and  high  benches  would  be  found  which  might  con- 
tain workable  placers.  The  probable  location  of  such  deposits  was 
indicated  before  any  excavation  had  been  made  in  this  type  of  deposits. 
Subsequent  developments  showed  that  these  conclusions,  though  based 
on  very  incomplete  data,  were  correct,  for  the  ancient  seabeach  and 
high-bench  placers  near  Nome  have  since  yielded  millions  of  dollars 
in  gold. 

Much  the  larger  part  of  this  report  will  treat  of  the  placer  mines, 
because  they  are  at  present  the  largest  wealth  producers,  and  more 
attention  has  been  given  to  their  investigation  by  this  division.  An 
attempt  has  been  made,  however,  to  summarize  the  general  develop- 
ments in  mining  for  the  year  1904,  so  far  as  data  are  available.  If 
this  volume  meets  with  the  approval  of  the  mining  public  an  annual 
bulletin  will  be  issued. 

It  is  a  matter  of  regret  that  the  plan  of  prompt  publication  has 
made  it  necessary  to  limit  the  illustrations  to  a  few  outline  maps 
The  important  reports  here  abstracted  will,  however,  be  published  ii 
more  complete  form,  with  all  necessary  illustrations. 
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The  authorship  of  this  bulletin  is  composite,  for  all  the  geologists  of 
the  Alaskan  division  have  made  contributions,  and  each  paper  will  be 
found  credited  to  its  writer.  Mr.  Cleveland  Abbe,  jr.,  has  rendered 
valuable  aid  in  the  preparation  of  the  various  contributions  for 
publication. 

PROGRESS  OF   INVESTIGATIONS. 

Nine  parties  were  dispatched  to  Alaska  during  the  summer  of  1904; 
of  these  five  were  engaged  in  geologic  investigations,  two  in  topo- 
graphic surveys,  one  was  a  combined  geologic  and  topographic  party, 
and  one  studied  the  methods  and  costs  of  placer  mining.  As  several 
of  the  expeditions  were  subdivided  after  reaching  the  field,  there  were 
in  all  fourteen  parties  engaged  in  these  surveys  during  most  of  the 
summer. 

The  geologic  work  included  a, reconnaissance  of  parts  of  southeastern 
Alaska,  a  study  of  the  gold,  coal,  and  oil  fields  of  the  Cook  Inlet  region, 
a  continuation  of  the  investigation  of  the  Fairbanks  and  Rampart  dis- 
tricts, a  survey  of  the  Cape  Lisburne  coal  field,  and  a  continuation  of 
the  work  in  the  Seward  Peninsula.  Topographic  reconnaissance  sur- 
veys (scale  1:250,000)  were  made  over  about  4,000  square  miles  in  the 
Yukon-Tanana  region  and  about  1,500  square  miles  in  the  Cook  Inlet 
placer  district,  and  a  detailed  map  (scale  1:45,000)  was  made  of  about 
600  square  miles  near  Nome.  A  special  study  of  methods  and  costs  of 
placer  mining  was  made  in  the  Juneau,  Eagle,  and  Birch  Creek  regions 
and  in  the  Seward  Peninsula,  and  an  examination  of  some  of  the 
Canadian  placer  districts  was  made  for  comparative  purposes. 

General. — Mr.  C.  W.  Purington,  accompanied  by  Mr.  Sidney  Paige, 
spent  some  three  months  in  the  study  of  placer  mining  methods,  as 
already  outlined.  A  part  of  his  results  are  presented  in  this  bulletin, 
and  his  final  report0  is  almost  completed.  This  is  the  first  attempt 
that  has  ever  been  made  at  a  systematic  investigation  of  this  subject 
in  this  northern  field,  and  it  is  believed  that  the  results  will  be  of  value 
to  those  engaged  in  exploiting  Alaskan  placers. 

The  writer's  time  has  been  largely  given  to  administrative  duties 
and  to  the  preparation  of  a  summary  of  existing  knowledge  of  the 
geology  and  geography  of  Alaska,  which  has  been  submitted  for  pub- 
lication. A  brief  visit  was  made  to  some  of  the  Alaskan  placer  camps 
dining  the  summer,  and  special  attention  was  given  to  collecting  data 
for  the  summary  of  mining  developments  which  follows.  Much  of 
the  matter,  however,  contained  in  this  summary  should  be  credited  to 
the  men  who  have  been  making  detailed  examinations  of  the  placer 
districts. 

Southeastern  Alaska. — Mr.  Fred  E.  Wright,  assisted  by  Mr.  C.  W 
Wright,  continued  the  geologic  reconnaissance  of  southeastern  Alaska 
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begun  by  Mr.  A.  C.  Spencer  the  previous  season.  The  mineral  deposits 
of  Sitka,  of  Admiralty  Island,  and  of  a  belt  of  the  mainland  between 
Sumdum  and  Behm  Canal  were  examined  and  a  supplementary  study  of 
some  of  the  principal  ore  bodies  of  the  Ketchikan  district,  previously 
reported  on  by  Mr.  Alfred  H.  Brooks,  was  also  made.  An  outline  of 
the  economic  results  is  here  presented;  the  details  will  be  given  in 
later  publications. 

Mr.  Spencer's  report  on  the  Juneau  district,  based  on  the  field  work 
of  1903,  will  soon  be  submitted  for  publication  and  will  include  an 
account  of  the  geology  and  resources  of  Admiralty  Island  by  Mr. 
C.  W.  Wright.  The  part  of  the  Juneau  report  dealing  with  the 
Treadwell  deposits  forms  a  section  of  this  bulletin. 

Controller  Bay  region. — Mr.  George  C.  Martin  made  a  supplemen- 
tary examination  of  the  coal  and  oil  fields  of  this  district.  His  com- 
plete report a  is  now  in  press,  and  only  a  summary  appears  here. 

Copper  River  region. — No  surveys  have  been  made  in  the  Copper 
River  basin  since  1902.  The  final  results  of  the  latter  investigations 
are  now  ready  for  publication.6 

Tumagain  Arm  region. — Mr.  F.  H.  Moffit  completed  a  reconnais- 
sance survey  of  the  gold  placer  fields  tributary  to  Turnagain  Arm. 
An  outline  of  his  report  is  included  in  this  bulletin.  Mr.  E.  G.  Ham- 
ilton, who  accompanied  him  as  topographer,  made  reconnaissance  sur- 
veys of  the  same  area. 

Kachemak  Bay  coal  -field. — Mr.  R.  W.  Stone,  under  the  direction 
of  Mr.  George  C.  Martin,  made  an  examination  of  the  coal  fields 
tributary  to  Kachemak  Bay.  The  results  of  his  work  are  embodied 
in  his  account  of  the  coal  of  southwestern  Alaska  in  this  bulletin. 
The  more  complete  report,  with  maps  and  photographs,  will  be  sub- 
mitted later. 

Southwestern  Alaska. — Mr.  George  C.  Martin,  aided  by  Mr.  R.  W. 
Stone,  continued  his  geologic  work  of  the  previous  year  along  the 
west  shore  of  Cook  Inlet.  He  was  fortunate  in  having  the  coopera- 
tion of  Mr.  T.  W.  Stanton,  who  spent  the  season  in  collecting  fossils 
and  studying  the  stratigraphy  of  this  region.  Mr.  Martin's  results 
are  not  yet  submitted,  but  his  observations  on  the  oil  region  are  given 
on  another  page. 

Seward  Peninsula. — Mr.  T.  Gerdine,  with  the  aid  of  Mr.  R.  B. 
Oliver  and  Mr.  W.  R.  Hill,  completed  a  detailed  topographic  map 
(scale  1:15,000)  of  the  most  important  gold-producing  area  near  Nome. 

Mr.  Arthur  J.  Collier  made  a  supplementary  examination  of  the  tin 
deposits  of  the  York  region,  an  account  of  which  is  given  on  another 
page  of  this  bulletin. 

a  Martin,  G.C.,  The  petroleum  fields  of  the  Pacific  coast  of  Alaska,  with  an  account  of  the  Bering 
River  coal  deposits:  Bull. U.  S. Geol. Survey  No. 250. 

bMendenhall,  W.C., Geology  of  the  central  portion  of  the  Copper  River  basin:  Prof.  Paper  U.S. 
Geol.  Survey  No.  41. 


brooks]  ADMINISTRATIVE    REPORT.  17 

Cape  Lisbume  coal  field. — This  area  was  critically  examined  by  Mr. 
Collier,  whose  results  are  briefly  outlined  on  another  page.  Mr. 
Collier  not  only  mapped  the  geology  of  the  coal  field,  but  made  a  topo- 
graphic reconnaissance  map  of  the  same  area. 

Yukon- Tanana  region. — Mr.  L.  M.  Prindle,  aided  by  Mr.  Frank  L. 
Hess,  continued  the  geologic  reconnaissance  of  the  region  lying  between 
the  Yukon  and  Tanana  regions,  and  their  work  completes  the  prelimi- 
nary mapping  of  about  half  this  area.  The  economic  work  of  this 
party  included  further  studies  of  the  Fairbanks  placers  and  an  exami- 
nation of  the  placers  of  the  Rampart  region.  The  results  of  the  first 
are  embodied  in  Mr.  Prindle\s  report  on  "The  Gold  Placers  of  the 
Fortymile,  Birch  Creek,  and  Fairbanks  regions,""  now  in  course  of 
publication.  An  article  in  this  bulletin  outlines  the  economic  devel- 
opment in  the  Rampart  region.  A  fuller  report  will  be  published 
later. 

The  topographic  work  in  this  same  region  was  extended  by  Mr.  D.  C. 
Witherspoon,  who,  assisted  by  Mr.  G.  T.  Ford,  mapped  an  area  of 
about  4,000  square  miles.  There  still  remains  reconnaissance  work  for 
about  three  parties  in  this  district,  besides  the  detailed  surveys  which 
will  be  demanded  by  the  developments  in  the  richer  mining  districts. 

a  Cull.  U.  S.  Geol.  Survey  No.  251. 
Bull.  259—05 2 


PLACER  MINING  IN  ALASKA  IN  11)04, 


By  Alfred  H.  Brooks. 


INTRODUCTION. 

An  estimate  based  on  such  data  as  are  available  previous  to  the  pub- 
lication of  the  Director  of  the  Mint's  report  indicates  that  the  product 
of  the  Alaskan  gold  placers  for  the  last  year  has  been  about  $6,000,000. 

Approximate  a  production  of  placer  gold. 
[Based  on  estimates  by  Director  of  Mint.] 

1899 $3,  000,  000 

1900 5,  900,  000 

1901 4,  800,  000 

1902 5, 500,  000 

1903 5, 750,  000 

1904  b 6,  000,  000 

If  these  figures  are  correct  there  was  an  increase  in  1904  of  only 
$250,000  over  1903.  The  reason  that  this  increase  is  not  greater  is 
probably  to  be  found  in  the  unfavorable  season,  which  prevented 
the  anticipated  increased  production  of  the  Seward  Peninsula  placers, 
and  to  the  apparent  falling  off  in  the  output  of  the  Koyukuk  district 
as  compared  with  1903.  These  facts,  though  possibly  discouraging  to 
those  who  are  developing  the  northern  fields,  should  not  be  inter- 
preted as  indicating  that  the  maximum  production  has  been  reached. 
Placer  mining  in  Alaska  will  continue  for  man}T  years  to  come,  and,  in 
the  opinion  of  the  writer,  its  annual  contribution  to  the  world's  wealth 
will  at  least  double  during  the  next  decade. 

It  is  unfortunate  that  so  many  of  the  larger  mining  enterprises  oi 
Alaska  should  have  suffered  both  from  lack  of  concise  knowledge  o' 
the  conditions  of  operation  and  from  the  inexperience  of  those  t( 
whom  the  management  has  been  intrusted.  At  least  half  of  the  com 
panics  which  have  attempted  legitimate  placer  mining  in  this  field  oi 
a  large  scale  have  ended  in  dismal  failures.  The  failures  are  due  t< 
many  causes,  but  probably  the  most  common  is  the  omission  of 
careful  study,   not  only  of    the  gold   contents  of  the  placers  to  b 


«The  production  of  lode  mines,  which  in  1904  was  about  $3,000,000,  is  not  included  in  this  table. 
b  Based  on  estimates  made  by  Alfred  H.  Brooks, 

18 


brooks]  PLACER    MINING    IN    ALASKA    IN    1904.  19 

exploited,  but  also  of  the  conditions  of  occurrence  of  the  gold  and  the 
best  methods  of  its  extraction.  Many  instances  have  come  to  the 
writer's  attention  where  plants,  which  are  dependent  on  an  abundant 
water  supply,  have  been  established  without  any  exact  knowledge 
of  the  supply  available.  Steam  shovels  have  been  installed  without 
the  knowledge  that  they  are  not  adapted  to  work  in  frozen  ground 
unless  the  ground  is  thawed.  Thousands  of  dollars  have  been  invested 
in  ditches  to  hydraulic  shallow  deposits  when  the  material  could  be 
handled  more  economically  by  some  mechanical  means.  This  is  particu- 
larly true  in  the  Seward  Peninsula,  where  the  successful  operation  of 
several  ditches  has  led  many  to  believe  that  a  fortune  is  assured  if  a 
ditch  is  constructed.  It  need  hardly  be  .stated  that  Alaska,  where  the 
cost  of  labor  and  transportation  is  great  and  the  season  short,  is  an 
expensive  place  to  gain  experience  in  mining.  Corporations  could 
well  afford  to  make  more  careful  choice  of  managers  than  in  the  past, 
for  this  is  eminently  not  a  field  for  the  hit-or-miss  policy  occasionally 
successful  in  more  favored  regions. 

SEWARD   PENINSULA. 
INTRODUCTION. 

The  placers  of  Seward  Peninsula,  with  their  output  of  probably 
over  $4,500,000,  still  hold  the  first  rank  in  gold  production  of  Alaska. 
This  field,  embracing  an  area  of  about  20,000  square  n  lies,  will  excel 
for  many  years  to  come,  both  by  reason  of  the  widespread  distribution 
of  its  alluvial  gold  and  because  in  methods  of  exploitation  it  is  far  in 
advance  of  all  other  parts  of  Alaska  except  the  Pacific  coastal  belt. 
Improved  methods  are  the  result  not  so  much  of  the  good  judgment 
used  by  mine  operators  as  of  rapid  development  due  to  the  compara- 
tive accessibility  of  the  gold-bearing  districts  to  tide  water.  In  spite 
of  this  ease  of  access,  the  Seward  Peninsula  miner  who  has  progressed 
beyond  the  pick-and-shovel  methods  has  in  most  cases  still  to  face 
serious  transportation  problems.  The  twenty-odd  miles  of  completed 
railway  help  only  a  few  camps,  and  freightage  by  wagon  during  a  wet 
season  is  sometimes  well-nigh  impossible. 

Three  conditions  seriously  enhance  the  cost  of  hydraulic  mining  in 
the  peninsula:  (1)  The  comparative  shallowness  of  most  of  the  aurif- 
erous gravels;  (2)  the  low  stream  gradients,  which  entail  additional 
cost  in  disposing  of  the  tailings,  and  (3)  the  frequent  scarcity  of 
water.  It  is  evident  that  the  first  two  conditions  are  absent  in  the 
case  of  the  high-bench  gravels  near  Nome,  and  the  extension  of  the 
ditches  into  the  Kigluaik  Mountains  will  to  a  certain  extent  alleviate 
the  third  condition.  A  further  discussion  of  these  questions  by  Mr. 
Purington  will  be  found  elsewhere  in  this  bulletin. 
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WINTER    OPERATIONS. 


There  is  a  steady  increase  of  underground  alluvial  mining  during 
the  closed  season,  and  the  product  of  the  winter  of  1903-4  on  the 
peninsula  exceeded  $1,000,000. 

Drifting  methods  are  in  many  cases  the  most  economical  for  the 
exploitation  of  rich  pay  streaks  which  are  covered  by  great  thicknesses 
of  gravel.  Wages  in  winter  are  50  per  cent  less  than  in  summer. 
Near  Nome  drifting  has  been  used  extensively  in  mining  the  high- 
bench  gravels,  whose  thickness  varies  from  40  to  150  feet.  It  appears, 
however,  that  deposits  might  often  well  be  hydraulicked  if  water  be 
available,  for  their  topographic  position  makes  it  possible  to  find 
dumping  ground  for  the  tailings.  Underground  mining  may  involve 
much  expense  in  locating  the  pay  streaks,  the  horizontal  distribution 
of  which  is  often  very  irregular.  It  is,  then,  an  open  question  whether 
drifting  is  the  best  method  of  procedure  for  many  of  the  high-bench 
placers,  for  Irv  it  only  a  part  of  the  values  are  extracted  and,  the 
deposits  being  gutted,  the  extraction  of  the  gold  that  is  left  might  be 
profitable.  It  is  estimated  that  high -bench  deposits  near  Nome  pro- 
duced over  $500,000  during  the  winter  of  1903-4.  High  benches  are 
known  in  other  localities,  but  it  appears  that  they  have  been  but  little 
prospected. 

The  low-tying  gravels  of  the  coastal  plain  near  Nome  have  been 
spasmodically  worked  for  several  years.  Among  the  most  successful 
operations  are  some  winter  diggings  along  an  ancient  beach  deposit 
which  is  parallel  to  the  present  shore  line  from  the  mouth  of  Hastings 
Creek  westward  to  Nome.  A  deposit  which  appears  to  be  an  old 
stream  channel,  near  the  head  of  Little  Creek,  was  also  worked  by 
drifting  methods  during  the  past  winter.  This  is  not  far  from  a 
locality  where  extraordinarily  rich  gravels  were  found  in  October, 
1904.  A  statement  was  made  to  the  writer,  on  good  authority,  that 
this  bonanza  yielded  200  pounds  of  gold  in  7  hours  when  worked  with 
rocker.  As  was  to  be  expected,  within  24  hours  the  owner  of  this 
remarkable  deposit  had  four  injunctions  served  on  him  by  rival  claim- 
ants. Gravels  of  this  extraordinary  richness  have  been  found  at  only 
a  few  localities,  and  their  occurrence  has  little  bearing  on  the  placer 
region  as  a  whole.  Yet  it  is  significant  that  such  a  find  should  be 
made  very  close  to  the  locality  of  the  first  discovery  in  the  Nome 
region  six  years  ago. 

Next  to  the  Nome  district  proper  the  Solomon  River  region  was  the 
most  important  winter  producer,  with  an  estimated  output  of  $200,000. 
Here  both  bench  and  creek  claims  were  worked  by  drifting  methods. 
The  winter  dumps  of  the  Ophir  Creek  and  the  Inmachuk  regions  eact 
produced  about  $100,000.  Besides  these  large  producers  there  were 
many  localities  where  the  drifting  operations  of  the  past  winter  gav< 
an  output  of  a  few  thousand  dollars. 
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SUMMER    OPERATIONS. 


The  open  season  of  1904  was  very  unfavorable  for  placer  mining  in 
the  peninsula.  There  was  a  great  scarcity  of  water,  partly  because  of 
the  light  snowfall  during  the  preceding  winter  and  partly  because  of 
the  low  precipitation  in  the  early  summer.  Until  July  10  more  than 
half  the  mines  were  idle,  but  from  the  10th  to  the  15th  there  were 
heavy  rains,  and  by  the  middle  of  the  month  most  of  the  plants  were 
in  operation.  There  continued,  however,  to  be  a  shortage  of  water 
pi-actically  throughout  the  season.  Wages  remained  at  $5  a  day  and 
board  in  most  of  the  camps  throughout  the  season. 

Summer  mining,  though  limited  to  little  over  two  months,  was  very 
successful,  and  much  dead  work  in  the  way  of  ditch  building  was 
accomplished  throughout  the  peninsula. 

The  construction  of  ditches  has  gone  on  with  feverish  activity; 
probably  upwards  of  a  hundred  miles  have  been  planned  or  are  under 
construction,  and  an  equal  amount  is  in  use. 

It  is  a  significant  fact  that  while  methods  of  mining  involving  ditch 
building  are  the  favorites,  on  Anvil  Creek  the  Pioneer  Company  has 
successfully  introduced  the  steam  shovel  for  handling  gold-bearing- 
gravels,  and  the  Wild  Goose  Company  is  stripping  the  overburden  by 
hydraulic  methods  and  handling  the  pay  gravels  by  track  and  incline. 
Across  the  divide,  on  Glacier  Creek,  the  Miocene  Company  is  continu- 
ing its  hydraulic  elevator  work,  and  has  one  of  the  best  equipped 
plants  in  the  district.  Some  work  was  done  on  the  Hot  Air  bench 
close  at  hand  by  the  "shoveling  in"  method.  On  Dexter  Creek  only 
one  hydraulic  plant  was  at  work,  but  a  number  of  claims  were  worked 
by  the  sluice-box  method.  Many  other  creeks  were  worked  in  the 
Nome  district,  but  most  of  these  only  in  a  comparatively  small  way. 
Noteworthy  are  the  hydraulic  operations  on  Dorothy  Creek,  where  an 
elevator  was  installed  near  the  head  of  Nome  River.  On  Hickey 
Creek,  in  the  same  region,  a  little  hydraulicking  was  also  done.  A 
ditch  has  been  completed  which  is  to  furnish  water  for  mining  bench 
gravels  along  the  east  side  of  Snake  Valley,  above  the  mouth  of  Glacier 
Creek.  Plans  have  been  formulated  to  bring  water  from  the  Kigluaik 
Mountains  by  a  pipe  line  60  miles  in  length  to  hydraulic  the  high 
benches  along  the  seaward  slope  of  the  hills  between  Newton  Gulch 
and  Anvil  Creek.  Another  company  proposes  to  mine  the  coastal  plain 
or  tundra  placers  by  hydraulic  methods,  presumably  with  the  use  of 
elevators.  The  Nome  Arctic  Railway  has  extended  its  track  about  a 
mile. 

There  appears  to  be  little  of  note  in  regard  to  the  Penny  and  Cripple 
Creek  regions  west  of  Nome.  Operations  were  continued  throughout 
the  season  as  far  as  the  scarcity  of  water  would  permit.  Here,  too, 
ditch  building  is  actively  going  on  and  planned. 
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Considerable  mining  was  done  on  Osborn  Creek  east  of  Nome,  but 
no  large  plants  have  been  installed.  A  ditch  is  under  construction 
which  will  carry  water  from  near  the  head  of  Flambeau  River  to  the 
heavy  gravel  deposits  near  the  mouth  of  Hastings  Creek.  In  the 
Eldorado  basin  operations  appear  to  have  been  confined  to  "shoveling 
in"  on  Venetian  Creek.  The  discovery  of  bench  diggings  on  the  creek 
is  of  importance. 

SOLOMON    RIVER   REGION. 

The  Solomon  River  region  has  forged  ahead  more  rapidly  than  any 
other  district  during  the  last  two  years,  though  its  gold  production  is 
not  yet  so  large  as  that  of  several  other  camps.  Four  ditches  on  the 
main  river  were  in  operation  or  practically  completed  at  the  close  of 
the  last  season.  Several  ditches  were  in  operation  on  Shovel  Creek, 
a  westerly  tributary  of  Solomon  River,  and  surveys  have  been  made 
for  many  more.  The  extensive  but  rather  shallow  gravel  deposits 
near  the  mouth  of  Solomon  River  have  been  thoroughly  prospected 
and  found  to  carry  values,  and  it  is  reported  that  plans  are  under  way 
to  mine  these  with  dredges.  Heavier  gravel  beds  occur  along  the  rims 
of  the  valley  as  benches.  These  are  known  to  carry  good  values,  are 
well  located  for  hydraulic  mining,  and  are  the  objective  point  of 
several  ditches.  One  small  and  one  large  dredge  were  in  continuous 
operation  on  the  main  river  during  the  last  season. 

The  Council  City  and  Solomon  River  Railway  was  running  trains 
on  regular  schedule  from  Dickson,  the  coastal  terminal,  to  the  mouth 
of  Big  Hurrah  Creek  and  beyond  throughout  the  season,  and  at  the 
same  time  the  construction  of  roadbed  continued  inland.  Before  the 
close  of  the  season  trains  were  run  to  the  East  Branch,  a  substantial 
bridge  was  built  across  Solomon  River  at  this  point,  and  the  grading 
extended  for  some  distance  beyond.  Sixteen  miles  of  track  were 
reported  completed  when  the  winter  set  in.  Construction  work  has 
the  appearance  of  greater  permanency  than  is  usually  the  case  in  the 
Seward  Peninsula.  It  is  to  be  hoped  that  the  line  may  be  completed 
at  an  early  date,  as  it  will  give  access  to  many  placers  which  can  not  be 
worked  under  present  conditions  of  transportation.  It  is  noteworthy 
that  the  Big  Hurrah  quartz  mine  continues  to  make  a  good  showing. 
Twenty  stamps  have  been  installed  and  a  depth  of  150  feet  reached 
in  the  workings.  Some  other  lode  deposits  of  the  district  appear 
promising,  and  augur  well  for  a  permanency  of  mining  in  this  region. 

BLUFF   REGION. 

At  Daniels  Creek,  20  miles  east  of  Dickson,  the  Topkok  Ditch  Com- 
pany operated  its  hydraulic  plant  practically  throughout  the  season. 
The  heavy  gravel  deposits  which  are  here  being  exploited  lie  in  such  a 
topographic  position   as  to  be  more  favorable  for  hydraulic  mining 
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than  any  other  deposits  thus  far  developed  in  the  peninsula.  The 
feasibility  of  piping  frozen  gravels  where  conditions  permit  a  consid- 
erable face  to  be  exposed  has  here  received  a  practical  demonstration. 
The  last  season  witnessed  the  extension  of  the  ditch  so  as  to  secure 
more  water,  but  the  summer  was  so  diy  that  even  then  there  was  not 
water  enough  for  continuous  piping. 

CASADEPAGA    RIVER. 

The  developments  on  Casadepaga  River,  whose  headwaters  lie  just 
across  the  divide  from  Solomon  River,  have  shown  renewed  activity, 
now  that  the  railway  is  approaching  this  district.  Heavy  bench  gravels, 
which  are  more  or  less  gold  bearing,  characterize  this  region.  Most 
of  the  work  so  far  has  been  confined  to  exploiting  the  placers  found 
in  creeks  whose  valleys  intersect  these  benches,  and  in  which  the  gold 
has  been  reconcentrated  by  a  natural  process  of  sluicing.  Nothing 
but  the  crude  pick-and -shovel  methods  could  be  used,  because  of  the 
comparative  inaccessibility  of  the  district.  These  primitive  methods 
of  extraction  were  only  applicable  to  the  reconcentrated  placers,  and 
not  to  the  heavy  bench  gravels.  Ditches  are  proposed  for  working 
the  latter  deposits,  and  some  of  them  are  already  under  construction. 
In  planning  to  use  hydraulic  methods,  it  should  be  borne  in  mind  that 
the  benches  are  not  high,  and  here,  as  at  many  other  localities,  the 
disposal  of  the  tailings  Avill  entail  a  heav}r  expense. 

COUNCIL    REGION. 

Ophir  Creek  is  to-day  not  only  the  greatest  producer  on  the  penin- 
sula, but  has  the  largest  reserve  of  gravels  of  unknown  value. 
Claims  were  worked  throughout  the  length  of  the  stream  as  far  as 
Crooked  Creek.  The  winter  work  has  alread}^  been  referred  to,  and 
the  summer  developments  were  along  the  lines  reported  last  year.a 
Various  methods  are  employed,  including  hydraulicking  benches, 
hydraulicking  creek  claims  with  elevator,  u  shoveling  in,"  use  of  der- 
ricks, horse  scrapers,  etc.  Some  work  was  done  with  a  dredge  along 
the  banks  of  Niukluk  River  near  the  mouth  of  Ophir  Creek.  Some 
lesser  mining  operations  were  carried  on  on  Crooked,  Ward,  and  Gold 
Bottom  creeks  in  this  region. 

KRUZGAMEPA    REGION. 

A  number  of  the  tributaries  of  the  upper  Kruzgamepa  River  have 
been  found  to  be  gold  bearing,  but,  of  these,  Iron  Creek  only  has  made 
any  considerable  production.  Some  rich  stream  placers  have  been 
exploited  on  the  latter  creek,  but  the  operations  have  been  chiefly  con- 
fined to  shoveling  methods.  With  the  extension  of  the  railway  this 
district  will  become  more  accessible. 

a  Brooks,  A.  H.,  Placer  gold  mining  in  Alaska,  1903:  Bull.  U.  S.  Geol.  Survey  No.  225,  p.  53. 
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KOUGAROK   REGION. 

The  Kougarok  region  is  rapidly  increasing  its  gold  output,  though 
its  isolation  has  made  it  an  expensive  camp  to  work.  Several  ditches 
were  in  operation  in  1904,  and  a  number  of  others  were  planned  and 
under  construction.  Harris  and  Dahl  creeks  have  been  the  heaviest 
producers,  but  several  others  besides  the  main  Kougarok  River  have 
yielded  gold  in  commercial  quantities.  Attention  has  repeatedly  been 
called  to  the  heavy  bench  gravels  which  are  characteristic  of  the 
Kougarok  Valley.  Some  of  these  are  known  to  be  gold  bearing,  and, 
exploited  by  proper  methods,  should  become  important  producers. 
Drilling  on  Dahl  Creek  developed  bench  gravels  to  a  depth  of  over 
180  feet,  thus  showing  them  to  extend  below  present  sea  level. 

PORT  CLARENCE  PRECINCT. 

In  the  Port  Clarence  precinct  the  ditch  to  Sunset  Creek  was  com- 
pleted, but  little  hydraulicking  was  done.  A  number  of  claims  were 
worked  in  the  Bluestone  region,  but  no  important  developments  were 
made. 

FAIRHAVEN    PRECINCT. 

The  northeastern  part  of  the  Seward  Peninsula,  comprising  the 
Kiwalik,  Inmachuk,  and  Buckland  placers,  is  included  in  the  Fair- 
haven  precinct.  Here  the  conditions  for  rapid  development  are  much 
less  favorable  than  in  other  parts  of  the  peninsula.  The  open  season 
for  navigation  is  somewhat  shorter,  and  supplies  for  the  camp  have  to 
be  transferred  at  Nome  to  shallow-draft  steamers  which  can  traverse 
the  shoal  water  found  at  the  northern  margin  of  the  peninsula.  In 
spite  of  the  adverse  conditions  the  region  is  prosperous.  Thanks  to 
a  local  coal  supply  found  at  Chicago  Creek,  considerable  winter  mining 
was  done.  Very  little  ditch  work  has  been  done  in  this  region,  but 
plans  have  been  laid  looking  toward  an  improvement  of  the  present 
methods  of  mining. 

GOODHOPE   PRECINCT. 

There  has  been  but  little  mining  in  the  Goodhope  district,  which 
embraces  the  extreme  northern  part  of  the  peninsula.  Though  gold 
occurs  in  the  beds  of  a  number  of  the  tributaries  of  Serpentine  River, 
under  present  conditions  it  probably  can  not  be  extracted  at  a  profit. 

KOBUK  DISTRICT. 

The  reports  from  Kobuk  River  indicate  that  there  were  upward  o 
100  men  prospecting  in  this  region,  and  many  appear  to  find  encour 
agement  in  what  they  have  discovered.     Whatever  may  be  the  poten  I 
tial  resources,  the  actual  gold  output  of  the  placers  has  probably  no 
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exceeded  $10,000  or  $15,000.  The  producing  claims  are  reported  to 
have  averaged  $10  a  day  to  the  man.  The  last  season  was  a  very  wet 
one,  and  operations  are  said  to  have  been  hampered  by  high  water  in 
the  creeks. 

YUKON  DISTRICT. 

Prospectors  who  maintained  their  faith  in  the  Tanana- Yukon  district 
during  the  waves  of  popular  excitement  which  carried  most  of  the 
mining  population  first  into  the  Klondike  and  then  to  Nome,  bid  fair 
to  have  some  of  their  hopes  realized.  A  broad  belt  of  metamorphosed 
rocks  stretches  westward  from  the  international  boundary  near  Dawson 
to  the  Yukon  at  the  Ramparts,  and  in  this  belt  are  many  localities 
which  are  known  to  be  gold  bearing.  The  general  features  of  the 
occurrence  of  gold  placers  in  the  various  camps  of  this  field  are  similar, 
though  the  local  variations  are  sufficient  to  bring  about  differences  in 
mining  values.  Thus  in  the  Klondike  the  high-bench  gravels  or 
"  white  channel,"  as  the}''  are  called  locally,  have  proved  large  pro- 
ducers. The  high  gravels  in  the  Chicken  Creek  basin  of  Fortymile 
have  also  yielded  considerable  gold,  but  those  of  the  Rampart  region, 
up  to  the  present  time,  have  not  been  found  to  carry  mining  values 
under  the  present  conditions.  Fortymile  probably  has  advantage  over 
the  Klondike  in  the  water  supply,  but  its  placers  have  thus  far  proved 
not  nearly  so  rich.  The  placers  at  Fairbanks  are  far  more  accessible 
than  those  of  Fortymile,  but  are  probably  at  a  disadvantage  in  regard 
to  stream  gradients  and  water  supply.  At  all  events,  sufficient  work 
has  been  done  in  this  belt,  over  an  area  of  probably  20,000  square  miles, 
to  show  a  wide  distribution  of  placer  gold.  The  events  of  the  last  two 
years  show  that  the  limit  of  discovery  of  rich  placers  may  not  by  any 
means  have  been  reached,  while  the  low-grade  gravels  remain  prac- 
tically neglected. 

RAMPART   REGION. 

The  most  westerly  camps  of  this  belt  lie  in  the  so-called  Rampart 
region,  and  are  described  in  detail  by  Mr.  Prindle  on  pages  104  to  119  of 
this  bulletin.  The  most  encouraging  features,  according  to  Mr. 
Prindle's  statement,  are  the  successful  operation  of  some  small 
hydraulic  plants,  which  has  stimulated  other  similar  enterprises,  and 
further  discoveries  of  good  pay  in  the  valleys  of  the  the  best  known 
creeks.  He  calls  attention  to  the  extensive  deposits  of  high-bench 
gravels  in  this  field,  but  so  far  prospecting  has  not  shown  them  to  con- 
tain workable  placers. 

FAIRBANKS   DISTRICT. 

One  hundred  miles  to  the  east  of  the  Rampart  region  is  the  new  Fair- 
banks district,  whose  increase  of  output  from  $40,000  in  1903  to  prob- 
ably $400,000  in  1904  has  made  it  the  immediate  focal  point  of  interest 
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to  the  Alaskan  mining  public.  Though  this  gold  was  taken  from  only 
a  few  creeks,  there  are  twelve  more  on  which  encouraging  prospects 
have  been  found. a  These  drain  an  area  of  approximately  500  square 
miles,  which  can  be  regarded  as  the  gold-bearing  district,  as  defined  by 
present  knowledge.  What  part  of  this  area  carries  commercial  values 
must  be  determined  by  more  careful  prospecting  than  has  yet  been  done. 
All  of  the  creeks  are  within  25  miles  of  steamboat  navigation  on  the 
Tanana,  and  the  construction  of  the  railway  now  under  way  will  make 
this  camp  more  accessible  than  any  other  of  the  Yukon  region.  Mr. 
Prindle's  studies  have  shown  that  where  excavations  have  been  made 
the  gravels  are  generally  deep  and  often  covered  by  a  heavy  over- 
burden of  muck.  The  water  supply  is  not  abundant,  and  hydraulic 
operations  may  find  in  this  a  serious  obstacle.  Low  stream  gradients 
also  offer  the  usual  difficulties  in  the  disposal  of  tailings.  These  con- 
ditions, as  far  as  they  are  understood,  indicate  that  mechanical  means 
of  handling  the  gravels  will  find  preference  over  hydraulic  methods, 
unless  further  surveys  should  discover  sources  of  water  not  now 
known.  Much  of  the  gold  mined  thus  far  has  been  taken  out  by  drift- 
ing. Last  fall  scores  of  boilers  were  shipped  to  Fairbanks,  and  prob- 
ably many  of  these  are  now  in  use  taking  out  winter  dumps. 

The  heavy  growth  of  spruce  along  the  larger  valley  floors  yields  an 
ample  fuel  supply  for  the  present,  and  the  local  sawmills  have  supplied 
the  necessary  lumber.  In  spite  of  this,  lumber  was  sold  on  the  creeks 
last  year  as  high  as  $200  per  thousand  feet,  and  the  supply  will  soon 
become  exhausted  unless  efficient  measures  are  adopted  for  protecting 
it  against  the  present  reckless  waste. 

Last  summer  the  Fairbanks  district  probabl}7  contained  a  population 
of  4,000  to  5,000,  which  is  far  in  excess  of  what  the  present  discover- 
ies and  developments  could  support.  Three  thousand  people,  mostly 
in  the  town  of  Fairbanks,  are  said  to  have  remained  through  the 
winter.  This  town,  the  headquarters  of  the  precinct,  is  on  a  slough  of 
the  Tanana,  navigable  for  large  steamers  only  during  favorable  stages 
of  water.  Chena,  a  rival  but  much  smaller  settlement,  lies  on  the 
main  river,  nearly  10  miles  below.  Fairbanks  is  connected  with  the 
producing  creeks  by  telephone  and  with  the  outside  world  by  military 
telegraph.  From  about  the  middle  of  June  to  the  middle  of  Septem- 
ber it  can  be  reached  by  steamer  from  Dawson  in  about  seven  days. 
The  journey  from  St.  Michael  by  steamer  up  the  Yukon  is  a  little 
longer,  and  the  entire  route  is  not  open  until  after  July  1.  Summer 
freight  rates  to  the  creeks  last  season  were  from  10  to  20  cents  per 
pound,  while  the  winter  rates  were  about  a  quarter  of  this  sum.  The 
following  notes  were  furnished  by  Mr.  Prindle: 

The  gold-producing  creeks  in  1903  were  Pedro,  Cleary,  and  Fairbanks,  together 
with  some  of  their  tributaries.     The  three  main  creeks  are  all  small  streams,  carrying 


a  Prindle,  L.  M.,  The  gold  placers  of  Fortymile,  Birch  Creek,  and  Fairbanks  regions,  Alaska:  Bull. 
U.  S.  Geol.  Survey  No.  251,  p.  85. 
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ordinarily  less  than  100  and  seldom  over  200  inches  of  water.  They  flow  in  open 
valleys,  with  a  grade  of  about  100  feet  to  the  mile.  The  stream  gravels  are  compara- 
tively deep  and  in  most  localities  frozen  throughout  the  year.  The  average  section 
shows  a  layer  of  muck  underlain  by  barren  and  pay  gravels.  The  last  are  mostly 
quartzite  and  mica-schist,  are  rather  angular,  and  are  mostly  under  a  foot  in  diameter. 
They  frequently  contain  considerable  clay  in  the  lower  portion,  and  the  proportion 
of  bowlders  is  small.  The  thickness  of  the  different  layers  varies  greatly  and  the 
maximum  total  depth,  so  far  as  determined  by  prospect  holes,  is  over  80  feet. 

On  Pedro  Creek  the  depth  to  bed  rock  is  8  to  30  feet,  and  the  alluvium  includes 
muck,  barren  gravels,  and  pay  dirt.  The  last  is  1  to  4  feet  thick,  and  gold  is  found 
in  the  decomposed  bed  rock  to  a  depth  of  1  to  5  feet.  Pay  streaks  are  from  40  to 
over  200  feet  in  width.  Values  vary  from  3  to  25  cents  to  the  pan,  and  much  of  the 
ground  has  probably  averaged  $1.50  to  square  foot  of  bed  rock.  The  largest  nugget 
was  valued  at  $19. 

Steam  point  drifting  and  open  cut  are  the  methods  chiefly  employed.  Boilers  up 
to  30  horsepower  are  in  use.  Work  is  confined  mostly  to  the  3  miles  of  Pedro  Creek 
between  Twin  and  Gilmore  creeks,  though  some  gold  has  been  taken  out  on  Twin 
Creek.  On  Gold  Stream  the  gravels  are  30  feet  or  more  in  depth.  It  is  probable 
that  as  conditions  improve  considerable  work  will  be  done  in  this  lower  portion  of 
the  valley. 

On  Cleary  Creek  work  has  been  done  from  near  the  head  to  within  2  miles  of  the 
mouth,  a  distance  of  about  7  miles.  Here  the  depth  to  bed  rock  is  14  to  80  or  more 
feet,  and  averages  over  50  feet.  The  material  is  muck,  barren  gravels,  and  pay  dirt, 
and  the  gravels  average  about  20  feet  in  thickness. 

The  pay  streak  is  1  to  7  feet,  and  gold  is  found  to  a  depth  of  1^  to  4  feet  in  the  bed 
rock.  The  width  of  pay  streak  is  35  to  150  feet;  so  far  as  determined,  it  is  on  the 
low  bench  on  the  west  side  of  the  creek  above  the  bend,  and  on  the  opposite  or 
north  side  below  the  bend.  The  gold  includes,  as  on  the  other  creeks,  a  flat  variety 
in  pieces  up  to  one-fourth  inch  or  more  in  diameter,  and  a  coarser  variety,  of  which 
one  nugget  was  valued  at  $233.  Values  in  the  pay  streak  average  from  2  to  25  cents 
to  the  pan,  but  occasionally  are  much  greater.  One  pan  seen  by  the  writer  yielded 
nearly  $5. 

Chatham  Creek  is  a  small  tributary  of  Cleary  Creek.  It  is  only  about  1  mile  long, 
but  has  been  a  gold  producer.  The  depth  to  bed  rock  is  10  to  30  feet.  The  gold 
from  the  head  of  the  creek  is  very  rough. 

The  drifting  method  is  used  on  Cleary  and  Chatham  creeks  and  some  open-cut 
work  on  Chatham  Creek  where  the  depth  permits.  Some  good  values  have  been 
found  above  Discovery  claim,  but  this  portion  of  the  valley  last  season  was  still  in 
the  prospecting  stage.  Most  of  the  production  thus  far  has  been  from  Discovery 
claim  to  Claim  No.  4,  below  Discovery,  inclusive,  and  extensive  work  has  been  done 
in  this  portion  of  the  valley.  Boilers  up  to  20  horsepower  were  in  use  and  handled 
from  20  to  50  cubic  yards  of  dirt  a  day,  with  a  fuel  consumption  of  a  cord  of  wood 
every  24  hours.  The  wood  cost  $10  per  cord  delivered  on  claim.  Wages  were 
generally  $6  a  day  and  board. 

Last  summer  developments  were  being  made  to  within  2  miles  of  the  Chatanika, 
and  it  seems  probable  that  as  the  conditions  of  development  became  more  favorable 
considerable  ground  will  be  worked  at  a  profit  in  this  lower  portion  of  the  valley  of 
Cleary  Creek.  It  is  probable  that  under  the  conditions  which  existed  in  L904 
gravels  could  not  be  worked  at  a  profit  for  a  gold  content  of  less  than  3  cents  to 
the  pan. 

Ditches  are  built  with  difficulty,  and  the  cost  of  production  in  some  cases  was 
increased  by  the  frozen  muck  and  "live  water"  in  the  lower  gravels. 

On  Fairbanks  Creek  there  was,  in  1904,  active  work  from  No.  8,  above  Discovery, 
to  No.  8,  below,  including  about  4  miles  of  the  valley.     The  depth  to  bed  rock  is  15 
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to  60  or  more  feet.  The  values  were  carried  in  18  inches  to  over  7  feet  of  gravel, 
with  a  width  varying  from  45  to  250  feet.  The  coarsest  nugget  was  valued  at  $190. 
The  average  values  were  probably  5  to  10  cents  to  the  pan,  but  were  occasionally 
much  higher.    Drifting  with  steam  point  was  the  favorite  method  of  mining  in  1904. 

Conditions  are  practically  the  same  on  Pedro,  Cleary,  and  Fairbanks  creeks,  and 
they  all  carry  about  the  same  amount  of  water,  which  in  dry  seasons  will  probably 
be  short  of  the  demand.  All  are  dependent  on  the  lower  valleys  of  the  larger 
streams  for  lumber. 

The  quantity  of  gold  in  the  gravels,  and  their  extent,  seem  sufficient  to  give  the 
camp  a  permanence  like  that  of  the  other  placer  camps  in  the  Yukon-Tanana 
country.  The  depth  of  the  deposits  has  rendered  the  work  of  development  a  slow 
one.  The  claims  require  capital  for  their  development,  and  the  method  used  most 
extensively  is  steam  drifting  with  points.  The  expense  of  working  the  ground  con- 
sumes probably  from  one-third  to  one-half  of  the  output,  and  the  total  production 
from  the  close  of  navigation  in  1903  to  the  end  of  July,  in  1904,  was  probably  not 
less  than  $350,000. 

No  large  quartz  veins  were  observed,  and  the  conditions  are  apparently  unfavor- 
able for  quartz  mining.  The  origin  of  the  placer  gold  is  probably  to  be  found  in  the 
small  quartz  stringers  which  occur  generally  in  the  schists. 

BONNERVILLE    DISTRICT. 

The  large  influx  of  prospectors  to  Fairbanks  led  to  an  examination 
of  the  adjacent  regions  and  resulted  in  the  finding  of  gold  along  the 
base  of  the  Alaskan  Range  50  miles  south  of  Fairbanks.  So  far  as 
known  the  commercial  possibilities  of  this  new  held  have  not  yet  been 
demonstrated,  though  a  number  of  miners  appear  to  be  satisfied  at  the 
outlook.  This  area  south  of  the  Tanana  was  formed  into  a  new  dis- 
trict under  the  name  of  "  Bonnerville." 

The  Alaskan  Mountains  which  bound  the  Tanana  on  the  south  are 
known  to  be  in  part  made  of  metamorphic  rocks  which  are  quite  likely 
to  be  mineralized.  The  range  falls  off  rather  abruptly  to  the  Tanana 
Valley  floor,  and  its  northern  front  is  partly  buried  under  a  mantle  of 
stratified  gravel  deposits.  These  beds  were  observed  by  the  writer 
along  the  Cantwell  River  Valley,  where  they  are  several  hundred  feet 
thick,  and  are  probably  auriferous.  The  writer's  investigations  did 
not  establish  the  presence  of  workable  placers,  but  an  abundance  of 
fine  colors  of  gold  was  found  in  the  beds  of  streams  which  dissect  the 
gravel  deposits.  A  natural  inference  is  that  the  heavy  gravel  beds 
themselves  are  auriferous,  though  opportunity  was  lacking  to  make 
any  tests. 

These  heavy  bench  gravels  lie  in  such  a  position  that,  should  they 
prove  to  carry  values,  they  could  be  hydraulicked  to  advantage. 
Moreover,  their  location  along  the  flank  of  the  mountains  gives  oppor- 
tunities for  bringing  water  to  them  under  any  head  desired.  If  gold 
has,  therefore,  been  found  in  this  district  in  commercial  quantities, 
the  conditions  for  exploration  seem  more  favorable  than  in  most  of  the 
Yukon  camps.  It  should  be  borne  in  mind,  however,  that  the  district 
lies  50  or  more  miles  from  water  transportation. 
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BIRCH    CREEK    DISTRICT. 

In  the  Birch  Creek  district  developments  have  been  relatively  slow 
since  the  first  discovery  of  gold  in  1894,  and  especially  so  since  the 
attention  of  the  mining  men  in  the  region  has  been  focused  on  the 
new  Fairbanks  placers.  Work  was  carried  on  in  1904  on  a  number  of 
creeks,  and  the  production  probably  equaled  that  of  the  previous  year, 
being  between  $150,000  and  $175,000.  An  attempt  to  install  a  small 
hydraulic  plant  on  Mastodon  Creek  was  unsuccessful  because  the  plant 
was  washed  by  the  floods  attending  the  heavy  rains.  The  steam  shovel 
installed  on  Mammoth  Creek  in  1903  was  not  operated,  but  this  enter- 
prise was  only  delayed  and  not  abandoned. 

In  the  late  summer  a  discovery  of  placer  gold  was  reported  to  have 
been  made  near  the  mouth  of  what  was  named  Golden  Creek.  This 
stream  enters  Beaver  Creek  from  the  west,  near  the  edge  of  the  Yukon 
Flats.  As  the  main  stream  is  navigable  for  small  steamers  to  the 
junction  with  the  Golden,  the  locality  is  easily  accessible.  About  200 
men  reached  the  locality  before  the  winter  set  in,  but  no  extensive  pros- 
pecting was  done.  Good  authorities  state  that  the  surface  gravels  yield 
half  a  cent  to  the  pan.  From  another  source  it  was  learned  that  a  25- 
cent  nugget  had  been  found.  No  attempt  was  made  last  season  to 
excavate  to  bed  rock,  which  is  probably  very  deep.  Winter  digging 
now  going  on  will  doubtless  show  whether  this  locality  carries  any 
workable  placers. 

FORTYMILE  AND  EAGLE  REGION. 

The  Fortymile  region  continues  its  record  of  being  essentially  a  dis- 
trict of  small  operators,  and  its  production  varies  little  from  year  to 
year.  Some  abortive  attempts  to  establish  large  mining  plants  have 
rather  discouraged  capitalists  from  entering  this  field,  which  would 
seem,  however,  to  promise  large  returns  to  properly  managed 
enterprises. 

At  the  present  time  the  most  important  gold-producing  area  in  the 
vicinity  of  Eagle  is  on  American  Creek  and  its  tributary,  Discovery 
Fork.  A  hydraulic  plant  was  installed  on  American  Creek  in  1903. 
A  flume  which  had  a  length  of  7,200  feet  and  a  capacity  of  1,200  inches 
brought  water  under  a  head  of  150  feet.  Two  Irydraulic  elevators 
were  to  be  used,  but  the  water  supply  was  found  insufficient  for  the 
demands  of  the  plant,  and  in  1904  modifications  of  the  method  were 
being  tried  to  make  a  more  effective  use  of  the  available  waters. 

Several  creeks  below  Eagle  which  enter  the  Yukon  from  the  west 
have  been  small  producers  for  a  number  of  years.  Among  these, 
Woodchopper  and  Fourth  of  July  creeks  gave  employment  to  a  score 
of  miners.  Worthy  of  note  is  the  finding  of  rich  placers  in  the  upper 
basin  of  Washington  Creek  late  last  summer.  One  $168  nugget  was 
found  in  these  placers. 
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Two  outfits  were  working  in  1903  on  Discovery  Fork  of  Fortymile 
River,  and  in  1904  excellent  results  were  being  secured  here  by  the 
use  of  an  automatic  dump  gate. 

Prospecting  was  active  and  during  the  winter  of  1903-4  holes  had 
been  sunk  on  an  island  in  Yukon  River  opposite  the  town  of  Eagle. 
Favorable  prospects  were  reported,  but  as  water  had  been  struck 
below  the  frozen  ground  the  work  had  been  discontinued. 

The  placers  of  Wade  Creek,  Walker  Fork,  and  Chicken  Creek  were 
said  to  have  yielded  well,  and  Chicken  Creek  alone  is  said  to  have 
produced  $100,000.  No  work  was  being  done  at  the  "kink'1  on  the 
North  Fork,  where  a  large  enterprise  had  been  entered  upon. 

According  to  current  reports  a  plan  has  been  formulated  to  work 
the  placers  of  the  entire  Chicken  Creek  basin  by  hydraulic  methods. 
It  is  proposed  to  bring  water  by  a  ditch  from  the  upper  part  of  Mos- 
quito Fork,  and  it  is  claimed  that  thus  200  feet  of  head  can  be  secured. 
If  this  plan  is  successful  it  will  undoubted^  be  followed  by  others  of 
similar  character. 

Gold  Run,  a  tributary  of  Slate  Creek  about  4  miles  long,  located  in 
the  Fortymile  basin  about  75  miles  southwest  from  Eagle,  was  the 
scene  of  some  activity.  The  bed  rock  is  schist;  the  depth  of  the 
gravels  is  about  12  feet.  Open  cuts  are  used,  and  the  dump  gate  is 
the  favorite  method  of  ground  sluicing  the  gravel.  Some  of  the 
ground  is  reported  to  average  $30  to  the  box  length.  Although  no 
large  values  have  been  found,  the  discovery  is  of  importance  in  show- 
ing the  presence  of  gold  in  the  remote  central  portion  of  the  Yukon- 
Tanana  count ry. 

KOYUKUK    DISTRICT. 

The  Koyukuk  district,  though  within  the  Yukon  basin,  is  isolated 
from  the  other  camps.  Its  difficulty  of  access  has  made  it  possible  up 
to  the  present  time  to  mine  only  the  richest  placers,  but  the  distribu- 
tion and  occurrence  of  these  indicate  that  this  field  will  continue  to  be 
a  gold  producer  for  some  time  to  come.  With  freight  at  $90  a  ton, 
not  including  a  sled  haulage  of  100  miles  or  more,  and  wages  conse- 
quently at  $8  or  $10  a  day,  it  is  manifestly  impossible  to  undertake 
any  extensive  operations. 

Reports  have  been  received  of  the  discovery  during  the  last  season 
of  workable  placers  on  Wiseman  Creek,  an  eastern  tributary  to  the 
Middle  Fork  of  the  Koyukuk.  Here  20  men  are  said  to  have  made 
good  wages.  Rich  placers  are  reported  to  have  been  found  on  John 
River,  nearly  100  miles  to  the  west,  as  well  as  on  Wild  Creek,  in 
between.  These  facts  indicate  a  wide  distribution  of  the  placer  gold 
in  the  Koyukuk  district,  for  the  alluvial  deposits  have  been  found 
scattered  over  an  area  50  by  100  miles  in  dimensions.  The  last  season 
was  less  favorable  for  operations  than  the  previous  one  and  the  out- 
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put  was  probably  much  less  than  in  1903,  though  exact  figures  are  not 
available.  This,  however,  led  to  greater  prospecting  activity  and  to 
the  consequent  discoveries  above  mentioned. 

COOK   INLET   REGION. 

In  the  Cook  Inlet  region  placer  mining  during  the  past  year  was 
practically  confined  to  a  few  creeks  tributary  to  Turnagain  Arm.  The 
Alaska  Central  Railway,  under  construction  from  Resurrection  Bay, 
will  be  of  material  benefit  to  this  region.  Mr.  Moffit  describes  the 
region  in  some  detail.  Attention  will  here  be  directed  only  to  the  fact 
that  practically  all  the  mining  is  now  done  by  means  of  hydraulic 
plants.  He  reports  that  7  hydraulic  plants  were  in  operation  last 
season. 

COPPER  RIVER  BASIN. 

Less  definite  information  is  available  regarding  the  Copper  River 
camps,  as  these  have  not  been  recently  visited  by  any  of  the  members 
of  the  Geological  Survey.  It  appears,  however,  that  the  Chistochina 
district  is  holding  its  own  as  a  producer,  and  that  prospecting  with  a 
small  production,  looking  toward  important  developments,  has  con- 
tinued in  the  Nizina  district.  All  of  the  Copper  River  camps  are 
retarded  in  development  by  the  high  transportation  charges.  It  is 
reported  that  the  cost  of  carrying  supplies  to  Chistochina  is  30  cents 
a  pound  in  winter  and  $1  in  summer.  A  tramway,  reported  to  be 
under  construction  over  the  pass  by  which  the  trail  leads  from  Valdez 
to  Copper  Center,  will  probably  materially  reduce  this  cost,  but  until 
rail  or  wagon  roads  are  constructed  the  miner  in  this  region,  as  in 
other  parts  of  Alaska,  can  only  exploit  the  very  richest  placers. 

On  Slate  Creek,  in  the  Chistochina  basin,  a  hydraulic  plant  has  been 
installed  and  successfully  operated.  This  is  supplied  by  water  through 
a  ditch  2  miles  in  length.  Most  of  the  other  operations  of  this  dis- 
trict appear  to  be  confined  to  "shoveling  in"  methods,  with  some 
ground  sluicing. 

SOUTHEASTERN   ALASKA. 

An  account  of  the  placer  mining  in  southeastern  Alaska  will  be 
found  on  pages  51  and  88  of  this  bulletin.  It  appears  that  alluvial  min- 
ing during  the  last  year  was  confined  to  Porcupine  Creek,  where  no 
important  developments  were  made  in  1904,  and  to  Gold  Creek,  at 
Juneau.  The  Last  Chance  Company,  of  Juneau,  has  constructed  a 
large  flume  to  carry  the  water  of  Gold  Creek  around  the  basin  and 
has  also  enlarged  its  drainage  tunnel. 


METHODS  ANT)  COSTS  OF  GRAVEL  AND  PLACER  MINING  IN 

ALASKA." 


By  Chester  Wells  Purington. 


GENERAL  STATEMENT  OF  ALASKAN  CONDITIONS. 

Placer  mining'  is  that  form  of  mining  in  which  the  surficial  detritus 
is  washed  for  gold  or  other  valuable  minerals.  When  water  under 
pressure  is  employed  to  break  down  the  gravel,  the  term  hydraulic 
mining  is  generally  employed.  There  are  deposits  of  detrital  mate- 
rial containing  gold  which  lie  too  deep  to  be  profitably  extracted 
by  surface  mining,  and  which  must  be  worked  by  drifting  beneath 
the  overlying  barren  material.  To  the  operations  necessary  to  extract 
such  auriferous  material  the  term  drift  'mining  is  applied. 

As  nearly  all  mining  in  alluvial  deposits  comes  under  the  head  of 
gravel  mining,  that  term  has  been  adopted  in  the  main  for  operations 
described  in  the  report  of  which  the  following  chapter  is  a  summary. 
Occasionally,  however,  the  precious  mineral  sought  lies  in  a  matrix 
of  fine  sand,  or  even  entirely  in  the  crevices  of  the  bed  rock  on  which 
the  alluvial  deposit  rests.  Obviously  the  term  gravel  mining  does 
not  cover  the  cases  in  which  detrital  gold  is  extracted  from  such 
matrices,  and  the  general  term  placer6  mining  has  been,  therefore, 
added  in  the  title  of  this  report  for  want  of  a  name  which  shall 
include  all  operations  considered/     When  in  the  subsequent  matter 

«The  figures  given  below  are  extracted  from  a  forthcoming  report  on  the  "  Methods  and  Costs  of 
Gravel  and  Placer  Mining  in  Alaska"  (Bulletin  No. 263).  The  data  furnish  as  close  approximations 
as  the  nature  of  the  work  permits.  The  cost  of  all  supplies,  rates  of  transportation,  cost  of  labor,  and 
description  of  water,  timber,  and  fuel  resources  in  all  important  parts  of  the  Territory,  as  well  as  full 
descriptions  of  all  the  methods  of  mining  employed,  will  be  given  in  the  final  report. 

b Placer,  according  to  a  Spanish  definition,  is  a  place  near  the  bank  of  a  river  where  gold  dust  is 
found. 

Lindley  on  Mines,  sec.  11'.),  makes  the  following  comments: 

"Dr.  R.  W.  Raymond  (Glossary  of  Mining  and  Metallurgical  Terms,  Trans.  A.  I.  M.  E.,  vol.  ix,  p. 
164)  defines  the  word  placer  as  a  deposit  of  valuable  mineral  found  in  particles  in  alluvium  or  dilu- 
vium, or  beds  of  streams.  He  adds  to  the  definition  the  statement  that,  by  the  United  States 
Statutes,  all  deposits  not  classed  as  veins  or  rock  in  place  are  considered  placers.  As  was  said  by  the 
Supreme  Court  of  the  United  States  (Reynolds  v.  Iron  S.  M.  Co.,  116  U.  S.,  687-695;  6  Sup.  Ct.  Rep., 
601),  in  distinguishing  the  two  classes  of  deposits:  'Placer  mines,  though  said  by  the  statutes  to 
include  all  other  deposits  of  mineral  matter,  are  those  in  which  this  mineral  is  generally  found  in 
the  softer  materials  which  cover  the  earth's  surface,  and  not  among  the  rocks  beneath.'  "  It  is  evi- 
dent (hat  the  term  placer  mining  as  used  in  the  present  report  covers  a  much  more  limited  field  than 
would  be  the  case  were  the  term  placer  used  in  its  broad  legal  sense. 

cThe  term  alluvial  mining,  used  in  Australia,  is  not  generally  employed  in  the  United  States. 
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the  terms  gravel  deposit,  gravel  washing,  and  gravel  mining  arc 
employed  they  must  be  understood,  for  the  sake  of  brevity,  to  include 
the  consideration  of  all  classes  of  deposits  in  which  gold  of  detrital 
origin  is  found. 

The  term  uelluvial"  has  been  applied  to  placer  deposits  formed  by 
the  rotting  of  rock  in  place  to  greater  or  less  depth."  Such  deposits 
do  not  occur  in  the  portions  of  Alaska  visited,  and  may  be  excluded 
from  consideration. 

In  regard  to  the  valuable  contents  of  the  deposits,  it  should  be 
stated  that,  in  all  the  cases  here  considered,  gold  is  the  mineral  sought. 
Platinum  or  any  minerals  of  the  platinum  group  have  not  been  found 
in  paying  quantity  in  any  part  of  Alaska.  Alluvial  tin  has  been 
found  and  mined  in  the  western  portion  of  the  Seward  Peninsula. 
The  deposits  were  not,  however,  visited  by  the  present  expedition.^ 

CLASSIFICATION   OF  ALLUVIAL  GOLD  DEPOSITS  IN  ALASKA. 

The  alluvial  gold  deposits  of  Alaska  may  be  classified  as  follows: 

Classification  of  alluvial  deposit*  in  Alaska. 


Creek  placers . . 
Hillside  placers 


Bench  placers 

River-bar  placers. 


Placers  in,  adjacent  to,  and  at  the  level  of  small  streams. 

Placers  on  slopes,  intermediate  between  creek  and  bench 
claims. 

Placers  in  ancient  stream  deposits  from  50  to  300  feet 
above  present  streams. 

Placers  on  gravel  flats  in  or  adjacent  to  the  beds  of  large 
streams. 

Gravel-plain      (tundra)   I  Placers  in  the  coastal  plain  of  Seward  Peninsula, 
placers. 

Sea-beach  placers Placers  adjacent  to  the  seashore  to    which  the  waves 

have  access. 

Lake-bed  placers Placers  accumulated  in  the  beds  of  present  or  ancient 

lakes;    generally    formed     by    landslides    or    glacial 
damming. 

aEng.  and  Min.  Jour.,  vol.  77,  May  5,  1904,  p.  722. 

bSee  the  report  of  A.J.  Collier  (Bull.  U.  S.  Geol.  Survey  No.  229,  1904)  for  an  exhaustive  account  of 
the  York  tin  deposits. 

Bull.  259—05 3 
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The  methods  of  working  the  alluvial  gold  deposits  are  shown  in  the 
following  table: 

Methods  of  working  alluvial  gold  deposits  in  Alaska. 


Class  of  placers. 

Method  of  working. 

Creek  placers 

Hydraulicking. 

Hydraulicking  with  hydraulic  elevator. 

Dredging. 

Open  cutting,  separate  stripping, «  and  shoveling  in. b 

Open  cutting,  separate  stripping,  and  horse  scraping. 

Open  cutting,  separate  stripping,  and  steam  scraping. 

Open  cutting,  separate  stripping,  wheeling,  and  cable  tram. 

Open  cutting,  separate  stripping,  and  steam  shovel. 

Open  cutting,  separate  stripping,  track  system,  and  incline. 

Open  cutting,  separate  stripping,  track  system,  and  hy- 
draulic elevator. 

Open  cutting,  separate  stripping,  track  system,  and  der- 
ricking. 

Open  cutting,  separate  stripping,  skidding,  and  derricking. 

Shaft,  drifting,  and  timbering. 

Shaft,  thawing,  and  drifting. 

Hillside  plaeers  c 

By  the  same  methods  as  creek  claims. 

Bench  plaeers (l 

Hydraulicking. 

Open  cutting,  separate  stripping,  and  shoveling  in. 

Open  cutting,  separate  stripping,  and  horse  scraping. 

Shaft  or  adit,  drifting,  and  timbering. 

Shaft  or  adit,  thawing,  drifting,  little  timbering. 

River- bar  placers6 

Hydraulicking  with  hydraulic  elevator. 

Dredging. 

Open  cutting,  steam  shovel. 

a  Charged  to  independent  account.    The  stripping  generally  consists  of  frozen  "  muck,"  a  mixture 
of  silt  and  ice,  which  is  ground-sluiced  off. 
b Covers  shoveling  into  boxes  and  ground  sluice,  and  rocker  work. 
c  Detritus  varying  from  3  to  60  feet  in  thickness. 

d  Detritus  varying  from  5  to  150  feet  in  thickness;  in  parts  of  the  Seward  Peninsula  to  230  feet, 
e  Detritus  from  3  to  60  feet  in  thickness. 
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Methods  of  working  alluvial  gold  deposits  in  Alaska — Continued. 


Class  of  placers. 

Method  of  working. 

Gravel-plain    (tundra) 
placers. « 

Hydraulicking  with  hydraulic  elevating. 

Open  cutting,  separate  stripping,  and  shoveling  in. 

Shaft,  thawing,  and  drifting. 

Sea-beach  placers  b 

Digging  shallow  pits  and  shoveling  in.  c 

Dredging. 

Special  devices. 

Lake-bed  placers 

Hydraulicking. 

a  Detritus  from  15  to  150  feet  in  thickness. 

b  Detritus  from  1  to  6  feet  in  thickness. 

c  The  greater  part  of  the  gold  from  the  beach  sands  has  been  obtained  by  rockers. 

The  above  classes  are  based  on  operations  actually  seen  during  the 
season  of  1904.  Suggestions  concerning  the  application  of  other 
methods  to  certain  forms  of  deposits  are  given  in  the  body  of  the 
main  report. 

In  the  districts  visited  the  deposits  under  exploitation  as  above 
classified  were  as  follows: 


Classes  of  deposits  worked  in  districts  visited. 

Province. 

District. 

Class  of  placer  worked. 

South  Coast 

Juneau 

Creek  and  lake-bed  placers. 

Interior 

Atlin 

Creek  and  bench  placers. 

Creek,  hillside,  and  bench  placers. 

Creek  and  bench  placers. 

Creek,  hillside,  and  river-bar  placers. 

Creek  placers. 

Klondike 

Eagle 

Birch  Creek 

Fairbanks 

Seward  Peninsula  . . . 

Nome 

Council  

Creek,  hillside,  and  bench,  gravel-plain 
and  sea-beach  placers. 

Creek,  hillside,  and  river-bar  placers. 

Solomon  

Creek  and  river-bar  placers. 
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In  the  districts  not  visited  the  classes  of  deposits  are  as  follows: 

Classes  of  deposits  worked  in  districts  not  visited. 


Province. 

District. 

Class  i.f  placer  worked. 

South  Coast 

Porcupine 

Creek  and  bench  placers. 

Do. 
CreeK  placers. 

Do. 

1 
Nizina 

Chisna 

Sunrise 

interior 

Fortymile 

Creek  and  bench  placers. 
Do. 

Rampart 

Seward  Peninsula  . . . 

Topkok  (Nomedist. ) 

Port  Clarence 

Fairhaven 

Creek,     gravel-plain,     and 
placers. 

Creek  and  bench  placers. 

Do. 

Do. 

sea-beach 

Kougarok 

MINING  METHODS  AND   CONDITIONS. 

The  mining  of  placer  gold  in  Alaska  is  carried  on  for  the  most  part 
during  June,  July,  August,  and  September.  The  gold-bearing  gravel 
mined  during  the  remainder  of  the  year  by  winter  drifting  does  not 
exceed  15  per  cent  of  the  total  annual  amount  extracted.  The  gold  can 
not  be  washed  from  this  gravel  until  the  cessation  of  winter  conditions 
liberates  the  water  in  spring  for  sluicing  purposes.  The  sluicing  of 
the  "  winter  dumps"  takes  place  during  the  latter  part  of  IVbry. 

Many  of  the  methods  of  mining  have  been  developed  within  the  last 
ten  years  to  suit  the  unusual  conditions  existing  in  the  northern  gold 
fields.  Gravel  miners  from  other  parts  of  the  world  found  that  in 
Alaska  much  of  their  previous  experience  proved  of  no  special  benefit. 
On  the  other  hand,  men  without  previous  experience  in  mining,  but 
possessing  ingenuity,  have  occasionally  adopted  devices  which  have 
proved  efficient  and  adequate  to  meet  the  northern  conditions. 
Methods  which  had  been  condemned  or  tried  with  ill  success  in  other 
countries  have  given  good  results  in  Alaska,  while  the  attempts  to 
apply  hydraulic  or  mechanical  methods  of  established  reputation  else- 
where have  frequently  resulted  in  ignominious  failure. 

Mining  operations  have  been  made  difficult  by  the  short  available 
season,  the  lack  of  grade  to  the  streams,  poor  water  supply,  poverty 
of  timber  resources,  high  cost  of  labor  and  transportation,  concentra- 
tion of  gold  on  and  in  the  bed  rock  and  comparatively  great  thickness 
of  barren  overburden,  the  frozen,  or  worse  still,  half-frozen  condition 
of  the  gravel,  lack  of  wagon  roads,  and  inadequate  mining  and  police 
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regulations.  In  spite  of  these  obstacles  the  wide  and  fairly  uniform 
distribution  of  alluvial  gold  over  large  areas  of  Alaska  hitherto  unex 
ploited,  the  uniformly  healthful  and  even  enjoyable  climate  of  the 
country,  and  the  proximity  of  the  phenomenally  rich  gold  fields  of  the 
British  Yukon  territory,  offer  a  certain  justification  for  the  present 
energetic  prospecting  and  mining  for  gold  over  so  extensive  an  area. 

The  main  impressions  derived  from  an  inspection  of  the  placer  gold 
fields  of  the  north  are  as  follows:  (1)  Operations  requiring  the  instal- 
lation of  expensive  plants  are  frequently  undertaken  before  adequate 
sampling  of  the  ground  has  been  done;  (li)  the  methods  of  mining  and 
conveying  the  auriferous  material,  while  often  leaving  much  to  be 
desired  from  the  standpoint  of  economy,  are,  in  the  main,  developing 
along  favorable  lines;  (3)  the  gold-washing  and  gold-saving  appli- 
ances in  use  are,  in  numerous  cases,  inexcusably  crude  and  inefficient. 

The  winning  of  gold  from  alluvial  material  is  a  business  difficult 
both  to  learn  and  to  conduct  successfully.  The  careful  miner,  like 
the  careful  manufacturer,  will  give  as  much  attention  to  one  part  of 
his  business  as  to  another,  irrespective  of  the  scale  on  which  it  is  con- 
ducted. The  extensive  but  not  remarkably  rich  gold-bearing  area  of 
Alaska  offers  a  field  for  men  who  propose  to  conduct  their  operations 
with  energy,  intelligence,  and  economy.  To  others  it  can  afford  only 
ultimate  poverty  and  despair. 

The  South  Coast  province  is  characterized  by  heavy  grades,  abun- 
dant water  supply,  and  good  timber.  Gold-bearing  gravels  are,  how- 
ever, distributed  in  small  quantity  and,  however  good  the  conditions 
for  the  installation  of  hydraulic  plants,  the  province  remains  an  unim- 
portant producer  of  alluvial  gold. 

The  Interior  province  promises  to  continue  for  many  years  a  fairly 
important  producer.  Geographically  considered,  the  phenomenal 
Canadian  deposits  of  the  Klondike  come  under  this  province.  No 
gravels  approaching  the  Klondike  deposits  in  richness  have  been  found 
on  the  American  side,  but  a  large  area  yet  remains  to  be  prospected. 

Owing  to  the  topographic  conditions,  low  grades  to  creeks,  and 
insufficient  water  supply  at  an  available  elevation,  hydraulicking  on 
any  but  the  smallest  scale  is  impossible.  Matw  of  the  creek  deposits 
are  shallow,  and,  besides  the  primitive  method  of  shoveling  into  sluice 
boxes,  so  largely  in  practice,  there  is  a  considerable  field  for  the  instal- 
lation of  horse-scraping  methods  and  the  installation  of  simple 
mechanical  plants.  Solidly  frozen  creek  deposits  exceeding  15  feet  in 
depth  can  be  most  economically  worked  by  drifting  methods,  as  here- 
tofore. Experience  gained  in  the  Klondike  has  been  invaluable  to  the 
miners  now  developing  the  new  Fairbanks  field.  There  is  room,  how- 
ever, for  considerable  improvement  and  reduction  of  expense  in  the 
methods  employed. 

The  natural  conditions  prevailing  in  the  Alaska  interior  gold  field 
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imply  great  age  and  erosion  subsequent  to  any  deposition  beneath  sea 
level.  Topographic  conditions  exercise  a  remarkable  control  over  the 
methods  which  can  profitably  be  employed  in  gravel  mining,  and  the 
prospective  miner  neglects  a  vital  part  of  his  preparation  if  he  does 
not  study  the  topographic  features  of  a  given  district  in  detail  before 
entering  upon  operations.  In  California  and  Australia  the  geologic 
and  topographic  conditions  favor  the  placer  miner.  In  other  coun- 
tries, notably  in  Siberia,  Alaska,  and  the  Yukon  territory,  they  are 
inimical  to  his  success.  In  Alaska,  as  a  rule,  alluvial  gold  is  almost 
entirely  lacking  where  timber  and  water  are  plenty,  grades  steep,  and 
the  ground  unfrozen.  Where  gold  is  distributed  in  paying  quantity 
water  supply  is  inadequate,  timber  is  poor  or  altogether  lacking,  and 
the  miner  must  provide  grade  for  his  boxes  and  dump  for  his  tailings 
by  artificial  means  and  meet  the  formidable  condition  of  solidly  frozen 
alluvium.  Bench  deposits,  where  gravel  can  be  moved  on  natural 
grade,  occur  in  both  the  Forty  mile  and  Rampart  districts  of  interior 
Alaska,  and  have  been  made  to  produce  a  small  amount  of  gold  by  the 
hydraulic  method.  Although  it  is  not  impossible  that  extensive  and 
valuable  bench  deposits  may  }^et  be  found,  no  deposit  comparing  either 
in  extent  or  in  richness  with  the  famous  u white  channel"  of  the 
Klondike  has  been  discovered. 

In  that  portion  of  the  Alaska  interior  lying  between  Circle,  on  the 
Yukon,  and  Fairbanks,  on  the  Tanana,  the  mountains  rise  to  heights  of 
from  1,500  to  2,000  feet  above  the  level  of  the  streams,  have  rounded 
tops,  and  slope  to  the  intervening  valleys  at  angles  which  do  not  exceed 
20  degrees,  and  often  are  not  greater  than  10  degrees.  The  streams 
and  valleys  are  on  a  gently  descending  plain,  the  grade  of  which  does 
not  exceed  3  per  cent,  except  in  the  upper  one-half  mile,  and  frequently 
is  not  over  1  per  cent.  The  mountains  are  referred  to  by  the  inhabi- 
tants as  "  domes,"  and  the  word  fairly  well  describes  them.  They 
present  what  corresponds  most  nearly  to  the  upper  segment  of  a  great 
ellipsoid  except  in  the  cases  where  the  erosion  has  not  been  sufficient 
to  accomplish  the  obliteration  of  a  still  more  ancient  topography. 
This  ancient  surface,  remnants  of  which  are  visible  on  the  tops  of  the 
highest  mountains,  was  evidently  a  base-leveled  plain  which  was 
approximately  2,500  feet  above  the  present  drainage  plain.  Although 
the  base-leveling  is  apparent  to  the  eye  it  is  not  evidenced  by  the 
presence  of  rounded  gravel  on  its  surface.  The  lack  of  gravel  is 
accounted  for  by  the  fact  that  the  second  denudation  has  progressed 
for  a  great  period,  and  the  comparatively  small  amount  or  vertical 
section  of  gravel  which  existed  subsequent  to  the  elevation  has  been 
worn  away. 

In  the  Klondike  recent  streams  have  cut  the  old  Pleistocene  chan- 
nels and  have   reconcentrated  the  gold."     The  gold  is  about  equally 

«See  McConnell,  R.  G.,  Preliminary  report  on  the  Klondike  gold  fields:  Geol.  Survey  Canada,  1900. 
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distributed  in  the  old  and  in  the  new  gravels.  From  the  miner's 
standpoint,  therefore,  in  the  Klonkide  region  there  are  two  great 
classes  of  mining  to  be  considered,  namely,  creek  mining  and  bench 
mining.  Outside  of  these  two  classes  there  is  no  mining  in  the  Klon- 
dike of  productive  importance. 

In  the  Birch  Creek  district,  especially  on  Deadwood  Creek,  there  is 
a  very  small  amount  of  gravel  in  low  benches,  which  may  be  termed 
hillside  deposits.  The  bulk  of  the  mining,  perhaps  90  per  cent  of  it, 
is  creek  mining  in  its  various  forms.  The  terms  bench  deposit,  hill- 
side deposit,  and  the  like  are  very  loosely  applied  by  the  miners  of  the 
northwest,  and  the  names  are  given  to  classes  of  mining  to  which  they 
do  not  in  any  sense  apply.  This  looseness  of  nomenclature  is  apparent 
in  the  Fairbanks  district,  where  the  term  bench  mining  is  applied  on 
Cleary  Creek  to  the  operations  which  are  in  progress  at  the  left 
bank  of  the  stream  one-fourth  mile  above  the  junction  of  Cleary  and 
Chatham  creeks.  But  whereas  the  depth  to  bed  rock  in  the  main  creek 
at  this  point  is  18  feet,  the  depth  on  the  so-called  bench,  700  feet  to 
the  left,  is  53  feet,  and  the  level  of  the  bed  rock  at  which  the  gravel 
is  found  is  practically  the  same.  In  the  one  case,  namely,  in  the  creek 
working,  the  overburden  is  6  feet  of  muck,  while  in  the  "bench"  to 
the  left  the  overburden  is  over  45  feet  of  muck.  The  gently  sloping 
side  of  the  valley  at  this  point  is  unbroken  in  outline. 

Observations  along  the  various  producing  creeks  and  from  the 
hilltops  have  failed  to  distinguish  any  traces  of  bench  topography 
in  the  Fairbanks  district.  Such  placer  mining  as  is  carried  on  there 
comes  under  the  head  of  creek  mining.  Geological  evidence,  how- 
ever, suggests  that  bench  deposits  occur  in  the  region  lying  between 
the  Fairbanks  and  Rampart  districts. 

The  methods  applicable  to  bench  mining  at  Dawson  can  not  be 
used  in  the  Fairbanks  district,  and  all  thought  of  applying  them  must 
be  eliminated.  The  country  being  in  every  sense  one  of  more  gentle 
topography,  there  is  no  room  for  the  disposal  of  tailings  from  bench 
operations  conducted  by  hydraulicking. 

On  Pedro  and  Twin  creeks  there  are  about  2  miles  of  ground  less 
than  15  feet  in  depth  which  can  be  worked  by  open  cutting,  either  by 
shoveling  into  sluice  boxes  or  by  derricking.  On  a  portion  of  this 
ground  it  is  possible  to  handle  the  water  by  bed-rock  drain.  Open- 
cut  mining  has  also  been  successful  on  Chatham  Creek  near  its  junction 
with  Cleary.  In  all  other  portions  of  the  district,  so  far  as  developed, 
drift  mining  according  to  the  Klondike  system  of  thawing  either  with 
steam  or  hot-water  hydraulicking,  hoisting,  and  conveying  by  means 
of  the  self-dumping  bucket  on  cable  tram  will  probably  be  found 
most  economical.  The  writer  would  suggest  the  method  of  under- 
ground hot-water  hydraulicking  to  the  miners  of  Cleary  Creek,  while 
on  Fairbanks  Creek   steam   thawing  appears   to  be   advisable.     The 
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efficiency  of  the  hot- water  method  as  used  in  the  Klondike  is  from  5 
to  6  cuhic  yards  per  horsepower  generated  in  the  boiler,  as  against 
3  cubic  yards  with  steam.  The  method  can,  however,  be  applied  onl}r 
under  certain  favorable  conditions. 

In  the  Seward  Peninsula  the  greater  rainfall,  large rN catchment  areas 
at  the  heads  of  the  long  rivers,  and  the  comparative  cheapness  with 
which  ditches  can  be  constructed  have  led  to  the  investment  of  much 
capital  in  long  water  conduits.  For  example,  a  ditch  system  of  5-i 
miles,  built  at  an  expenditure  of  $300,000  and  costing  $15,000  annually 
to  maintain,  supplies  2,000  miner's  inches  of  water  at  360  feet  head  for 
four  months  in  the  year.  Approximately  200  miles  of  ditches  have 
been  built  in  various  parts  of  the  peninsula.  Excavations  of  earth- 
work for  ditch  building  in  the  peninsula  average  $1  per  cubic  yard. 

Hydraulicking  without  the  use  of  hydraulic  lifts  is  economically 
impossible,  except  in  extremely  rare  cases.  Bench  gravels  in  the 
front  of  Anvil  Mountain,  facing  the  sea,  can  be  hydraulicked  if  water 
at  a  sufficient  head  can  be  obtained  at  an  expense  which  is  not  pro- 
hibitive. The  remarkable  ancient  gravel  channel  which  cuts  the 
southern  portion  of  the  peninsula  from  east  to  west,  extending  from 
the  Fish  River  along  the  Casadepaga  and  Kuzitrin  rivers  to  Port 
Clarence,  lies  at  so  low  a  level  that  the  present  streams  have  not  cut 
through  it  to  bed  rock.  Except  where  subordinate  pa}^  streaks  exist 
in  it  above  the  present  stream,  therefore,  the  physiographic  conditions 
will  forbid  its  gravels  being  hydraulicked,  while  any  other  form  of 
open  cutting  is  manifestly  impossible.  It  has  been  little  explored, 
and  portions  of  it  may  be  found  rich  enough  to  drift. 

Horse  scraping,  steam  or  power  scraping,  derricking,  and  the  appli- 
cation of  the  mechanical  shovel,  accompanied  in  most  cases  by  ground 
sluicing  of  the  frozen  muck,  should  receive  consideration  from  the 
creek  operators  in  the  Seward  Peninsula,  where  the  deposits  are  less 
than  15  feet  in  depth.  The  low  price  of  winter  labor  ($2. 50  a  day  and 
board)  should  permit  of  an  increasing  amount  of  winter  drifting  work 
throughout  the  peninsula. 

It  will  doubtless  eventually  be  found  that  the  power  of  water  under 
pressure  can  be  more  successfully  applied  to  the  working  of  the 
average  Seward  Peninsula  placer  by  generating  electric  power  and 
applying  it  to  various  mechanical  devices.  While  it  can  not  be  denied 
that  some  of  the  hydraulic  elevator  installations  are  handling  the 
gravel  at  a  profit,  the  contrivance  is  a  makeshift,  and  its  use  forms  no 
part  of  bona  fide  hydraulic  mining. 
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MINING  COSTS. 

The  average  value  of  fuels  in  Alaska  as  evidenced  by  present  oper- 
ations is  as  follows: 

Cost  of  fuels  available  for  use  in  Alaska. 

Bituminous  coal,  price  at  Nome $17  per  ton  (2,000  pounds) 

Crude  oil,  price  at  Nome $3  per  1  >arrel 

Spruce  wood,  average  price  in  the  interior $12  per  cord 

Experience  in  the  Nome  district  indicates  that  California  crude  oil  is 
the  most  economical  fuel  available  in  the  southern  part  of  the  Seward 
Peninsula.  In  the  interior  of  Alaska  the  price  of  imported  crude  oil 
renders  its  use  prohibitive  for  mining-  operations. 

The  recently  exhibited  tests  of  the  adaptability  and  efficiency  of 
gas-producer  engines  should  receive  attention  from  operators  who 
contemplate  the  installation  of  mechanical  plants  in  any  part  of  Alaska. 
There  is  no  question  that  bituminous  coal  and  lignite  can  be  utilized 
for  gas  producers,  giving  proportionately  better  results  than  anthra- 
cite. An  engineer  operating  a  large  pumping  plant  in  the  Klondike 
is  of  the  opinion  that  even  the  poor  spruce  wood  available  for  fuel  in 
interior  Alaska  can  be  utilized  in  the  gas-producer  engine.  The  prej- 
udices which  exist  against  the  explosion  type  of  engine  in  the  United 
States  are  fast  disappearing.  They  have  been  due  to  faulty  construc- 
tion of  the  engines  and  lack  of  knowledge  of  their  principle  among 
those  who  attempt  to  operate  them.  The  present  valid  objections  to 
installing  gas  and  gas-producer  engines  are  that  these  engines  are 
undergoing  a  process  of  evolution,  and  the  standard  has  not  been 
attained.  According  to  Mr.  M.  R.  Campbell,  the  Government  coal- 
testing  plant  at  St.  Louis  has  demonstrated  that  a  gain  of  from  30 
to  50  per  cent  of  efficiency  is  attainable  in  the  gas-producing  as 
compared  with  the  steam-producing  engine.0 

The  comparatively  low  cost  of  California  crude  oil  at  Nome  renders 
it  a  valuable  fuel  for  the  mining  operations  in  that  vicinity.  The  sat- 
isfactory results  from  one  type  of  gas  engine  at  St.  Louis  showed  that 
crude  oils  of  widely  varying  composition  can  be  used  for  explosive 
engines  with  a  higher  efficiency  than  in  generating  steam. 

The  purchase  of  water  for  hydraulic  or  sluice  purposes  is  not  general 
in  Alaska.  In  the  Seward  Peninsula,  water  under  natural  head  or 
pumped  water  is  sold  to  miners  to  a  limited  extent.  The  average 
price  is  $1  per  miner's  inch,  twenty  four  hours'  service,  for  water 
under  head  and  50  cents  for  sluice  water.  The  inch  used  corresponds 
to  1.2  cubic  feet  per  minute.  This  definition  of  the  miner's  inch  is  not 
accepted  in  this  report.  The  miner's  inch,  according  to  its  best  usage, 
which  is  followed  in  this  report,  corresponds  for  all  practical  purposes 

a  See  Preliminary  report  of  the  operations  of  the  coal-testing  plant  of  the  United  States  Geological 
Survey  at  the  Louisiana  Purchase  Exposition,  St.  Louis,  Mo.,  1904:  Bull.  U.  S.  Geol.  Survey  No. 
261,  1905. 
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to  a  flow  of  1.5  cubic  feet  per  minute.  It  is  to  be  hoped  that  if  the 
Federal  Government  ever  succeeds  in  establishing  an  adequate  code 
of  mining1  law  for  its  possessions  a  definition  of  the  miner's  inch  will 
be  included. 

The  data  in  the  following  table  have  been  compiled  from  statistics 
collected  during  an  inspection  in  the  summer  of  1901  of  the  placer 
fields  in  Alaska,  Yukon  Territory,  and  northern  British  Columbia. 
Of  the  statements  furnished  by  operators,  only  those  which  are  con- 
sidered reliable  have  been  used.  The  work  attempted  had  no  relation 
to  the  sampling  or  valuing  of  mining  properties,  and  time  did  not 
permit,  except  in  a  few  cases,  the  measuring  of  the  ground. 

Owing  to  the  varying  conditions  governing  the  cost  of  mining  in 
the  north,  the  Territory  has  been  divided  into  three  provinces.  The 
South  Coast  province  includes  the  Juneau,  Porcupine,  and  Sunrise  dis- 
tricts of  Alaska.  The  Interior  province  includes  the  Atlin  district  of 
British  Columbia,  the  Klondike  district  of  Yukon  Territory,  and  the 
Fortymile,  Eagle,  Birch  Creek,  Fairbanks,  and  Rampart  districts  of 
Alaska.  The  Seward  Peninsula  province  includes  the  Nome,  Council, 
and  Solomon  districts  of  Alaska. 

The  Nizina  district  of  the  South  Coast  province  and  the  Port  Clar- 
ence, Fairhaven,  and  Kougarok  districts  of  the  Seward  Peninsula,  none 
of  which  were  visited,  are  separately  considered. 

In  preparing  the  sheet  the  working  costs  of  118  different  operations 
were  first  tabulated  with  reference  to  the  method  employed  and  to 
situation.  A  second  table  was  then  prepared,  in  which  the  working 
cost  was  augmented  by  an  amount  per  cubic  yard  based  on  allowance 
for  depreciation  of  plant'.  In  general  six  years  was  taken  as  the  aver- 
age life  of  an  individual  property,  and,  except  in  the  case  of  winter 
drifting  operations,  one  hundred  and  twenty  days  as  the  working  sea- 
son. It  was  then  assumed  that  five  annual  payments  are  made  to  a 
depreciation  fund.  The  fund  is  equivalent  to  the  cost  of  plant  and 
maintenance  during  the  life  of  the  property  plus  six  years'  simple 
interest  on  the  investment  at  5  per  cent.  Each  annual  payment  was 
divided  by  the  season's  output  in  cubic  yards,  and  the  amount  thus 
obtained  added  to  the  daily  working  expenses,  to  get  the  total  output 
cost  per  yard,  as  far  as  possible.  Prices  paid  for  mining  property 
are  taken  no  account  of,  as  they  represent  an  unknown  factor. 

In  cases  where  expensive  plants  have  been  installed  the  amortization 
was  separately  figured  for  each  case. 

In  cases  of  shoveling-in  and  small  mechanical  plants,  the  installation 
and  maintenance  cost  was  taken  at  an  average  amount  for  a  group  of 
operations  in  each  district.  Where  the  operation  implies  an  additional 
stripping  of  overburden,  which  is  always  separately  charged,  the  cost 
was  distributed  and  added  to  the  gravel  extraction  cost. 

From  the  second  table,  where  the  costs  were  reduced  to  one  figure 
for  each  district,  a  third  (the  accompanying  one)  was  prepared,  giving 
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as  nearly  as  possible  the  average  cost  for  each  of  the  seventeen  separ- 
ate methods  considered  in  one  or  more  of  the  three  provinces.  Where 
the  operations  from  which  the  averages  are  derived  exceed  two  in 
number,  the  fact  is  so  indicated  in  the  table. 

The  attempt  has  been  made  to  reject  figures  which  were  evidently 
not  representative.  The  final  figure  arrived  at  is  not,  however,  always 
satisfactory.  For  example,  under  No.  5  (the  method  of  working  open 
cut  by  shoveling  into  wheelbarrows,  wheeling  to  bucket,  hoisting,  and 
conve}ang  to  sluice  by  self-dumping  carrier  on  cable)  $2.14  is  repre- 
sentative for  the  Klondike,  where  seepage  water  is  generally  pumped 
from  the  pit,  and  many  operators  pump  the  water  for  sluicing.  On 
the  other  hand,  at  a  plant  in  the  Birch  Creek  district  of  Alaska,  mining 
only  22  cubic  yards  per  day  and  handling  the  water  by  a  drain,  the  cost 
of  operation  was  11.50  per  cubic  yard.  In  No.  13  (drifting  solidly 
frozen  ground,  steam  or  hot-water  thawing,  hoisting  and  convejdng 
with  the  use  of  the  self-dumping  bucket)  the  cost  in  the  Klondike  is 
$1.95,  while  the  higher  figure  given  is  arrived  at  by  combining  the 
expensive  American  camps  of  Fortymile  and  Fairbanks,  where  the 
cost  is  $4.63  and  $3.56,  respectively. 

The  high  cost  of  hydraulicking  with  use  of  hydraulic  lift  in  the 
Seward  Peninsula  is  caused  by  the  difficulty  of  moving  the  gravel  to 
the  bed-rock  sluice a  and  the  expense  of  the  ditches  and  installations. 
Hydraulicking  by  means  of  water  under  natural  head  without  the  use 
of  the  hydraulic  lift,  or  some  other  means  of  elevating  the  material, 
was  not  seen  by  the  writer  in  the  Seward  Peninsula.  It  is  understood 
that  an  hydraulic  plant  is  in  successful  operation  at  Bluff,  50  miles  to 
the  east  of  Nome,  but  there  are  no  data  at  hand  concerning  it. 

In  the  interior  only  bench  gravels  are  hydraulicked.  Steeper  grades 
for  sluices  can  be  obtained,  and  the  gravel  is  more  easily  moved.  The 
high  duty  of  the  miner's  inch  in  the  Klondike  is  a  large  factor  in  bring- 
ing down  the  cost  of  No.  1  and  No.  16. 

It  should  be  distinctly  understood,  if  hydraulicking  eosts  in  the 
interior  appear  attractively  low,  that  the  water  supply  is  exceedingly 
variable,  and  that  no  reliable  estimate  can  be  made  beforehand  of  the 
output  of  a  given  season's  operations.  Furthermore,  while  much  of 
the  bench  gravel  was  originally  rich,  the  pay  streaks  have  been  largely 
drifted  out,  and  the  gold  is  not  disseminated  through  the  upper  por- 
tion of  the  gravel  to  the  extent  that  it  is  in  the  California  gravel 
banks.  With  regard  to  the  pumping  of  water  for  hydraulicking  pur- 
poses, the  practice  can  not  be  too  strongly  condemned.  He  is  a  bold 
man  who  attempts  it,  and  a  singularly  fortunate  one  who  makes  a  finan- 
cial success  of  it. 


a  This  is  caused  not  only  by  the  exceedingly  gentle  grades  of  the  streams,  but  also  by  the  shingly 
character  of  the  material  handled. 
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Mr.  Stephen  Birch,  operating  in  the  Nizina  district  of  Alaska,  has 
courteously  furnished  for  this  report  a  summary  of  the  costs  of  work- 
ing placer  ground  on  Dan  Creek.  These  figures  are  given  separately 
(p.  46)  following  the  table,  as  they  imply  a  total  charge  of  invested 
capital  in  addition  to  working  costs  against  one  season's  operations. 
The}7-  are  worthy  the  attention  of  prospective  placer  miners. 

The  cost  of  shoveling  into  sluice  boxes  in  the  remote  parts  of  the 
Seward  Peninsula  is  at  present  from  $3  to  $5  per  cubic  yard.  Some 
drifting  operations  have  been  carried  on  in  the  Kougarok  and  Fair- 
haven  districts,  on  which  figures  are  not  at  hand. 

Dredging  estimates  furnished  by  trustworthy  interior  operators 
place  the  cost  at  80  cents  where  gravel  must  be  thawed  by  points  ahead 
of  the  dredge.  In  the  Seward  Peninsula  it  is  estimated  that  if  the  prop- 
erty is  sufficiently  large  for  a  ten-year  life  to  be  allowed,  a  dredge  can 
be  operated  at  the  cost  of  30  cents  per  cubic  yard.  The  field  for 
dredges  in  placer  mining  in  Alaska  is  extremely  limited.  In  the 
Seward  Peninsula  it  is  not  impossible  that  some  of  the  wide,  shallow 
creek  deposits  will  be  worked  successfully  by  means  of  the  steam 
scraper.  The  cost  of  an  experimental  operation  on  Ophir  Creek  was 
reported  to  be  under  20  cents  per  cubic  yard. 

The  costs  of  operating  by  two  mechanical  systems  in  the  Seward 
Peninsula  (involving  the  labor  of  men  in  shoveling  into  cars  and 
tramming  to  the  bottom  of  an  incline,  or  to  a  bed-rock  sluice  leading  to 
hydraulic  elevator  throat)  are,  unfortunately,  not  available  for  publi- 
cation. The  derricking  system,  No.  7,  however,  both  in  the  interior 
and  on  the  Seward  Peninsula,  appears  to  be  superior  in  point  of  cost  to 
either  of  the  above  mentioned,  for  the  working  of  the  average  Alaska 
open  cuts. 

Frozen  ground  can  not  be  attacked  with  success  by  the  steam  shovel. 
Even  where  it  digs  the  gravel  successfully,  if  men  follow  it  to  clean 
bed  rock  by  hand,  the  cost  of  operating  is  sometimes  doubled.  The 
steam  shovel  has,  however,  a  field  in  northern  placer  mining. 

Regarding  mechanical  operations  in  general,  the  important  princi- 
ple should  be  emphasized  that  the  main  expense  is  getting  the  mate- 
rial into  the  receptacle  which  conveys  it  to  the  sluice  or  washing  plant. 
Tramming,  even  for  a  long  distance  and  to  a  considerable  elevation, 
adds  a  veiy  small  proportionate  amount  to  fhe  total  cost  of  working. 
The  establishment  of  a  permanent  washing  plant,  economically  situated 
as  regards  water  supply  and  dump,  should  be  considered  by  every 
Alaskan  miner  who  purposes  working  the  shallow  creek  deposits 
which  characterize  that  country.  The  isolation  of  the  washing  opera- 
tions, together  with  the  adoption  of  the  most  economical  system  of 
tramming  possible,  will  go  far  toward  attaining  the  ends  of  adequate 
grade  and  room  for  tailings,  which  are  the  sine  qua  non  accompani- 
ments of  successful  gravel  mining. 


rURJNGTON.] 


GRAVEL    AND    PLACER    MINING. 
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Mr.  Stephen  Birch,  in  a  letter,  gives  the  cost  of  placer  work  on  Dan 
Creek,  Nizina  district,  Alaska,  as  follows: 

By  ground  sluicing  through  20-inch  flume:  6,803  cubic  yards,  $8,781.44,  or  $1,143 
per  cubic  yard. 

By  use  of  8-inch  cotton  pressure-hose  and  nozzle  through  20-inch  flume:  1,600 
cubic  yards,  $1,457,  or  $0.91  per  cubic  yard. 

By  use  of  pick  and  shovel  only,  through  10-inch  sluice  box:  2,320  cubic  yards, 
$5,100,  or  $1,875  per  cubic  yard. 

A  273-foot  tunnel,  6  feet  by  6  feet,  timbered:  $1,017,  or  $3,725  per  running  foot,  or 
407  cubic  yards  of  gravel  removed,  which  costs  $2.50  per  cubic  yard. 

While  the  cost  given  above  may  seem  high,  it  is  because  of  the  fact  that  it  includes 
the  cost  of  the  tools  and  material  now  on  hand,  which  were  necessary  to  remove  this 
gravel.  Now,  if  this  work  is  continued  for  a  number  of  years,  the  depreciation  of 
the  tools,  etc. ,  could  be  charged  proportionately.  These  prices  may  not  be  a  criterion 
for  future  operations  in  that  country,  but  were  our  first  cost  of  operation,  and  any 
strangers  going  into  that  section  of  country  would  be  apt  to  run  up  their  costs  to  these 
figures. 


ECONOMIC  DEVELOPMENTS  IN  SOUTHEASTERN  ALASKA. 


By  F.  E.  and  C.  W.  Wright, 


INTRODUCTION. 

The  portion  of  southeastern  Alaska  which  has  been  called  into 
prominence  of  late  by  the  international  boundary  decisions  is  a  narrow 
strip  of  coast  land  extending  northwestward  from  Dixon  Entrance  and 
Portland  Canal  to  Mount  St.  Elias,  the  highest  of  a  chain  of  peaks 
marking  the  boundary  between  Alaska  and  the  Yukon  district  of 
Canada.  From  Dixon  Entrance  to  the  head  of  Lynn  Canal  this  coastal 
area  may  be  described  as  a  partially  submerged  mountain  range,  form- 
ing in  the  Pacific  Ocean  an  archipelago  of  precipitous  islands.  These 
rise  abruptly  from  salt  water  and  are  separated  from  each  other  by 
deep,  narrow  fiords  and  channels,  or  "canals,"  the  whole  forming  a 
remarkable  inland  passage,  which,  for  scenic  effects,  is  unrivaled  by 
any  district  in  America. 

To  this  field  the  writers  were  assigned,  with  instructions  to  examine 
the  mining  districts  and  to  collect  information  on  the  economic  condi- 
tions at  present  prevailing.  The  season's  work  in  this  area  for  1904 
was  begun  in  the  latter  part  of  May  and  completed  about  the  first  of 
October.  During  June  the  geologic  cross  section  from  the  head  of 
Taku  Inlet  to  Sitka  by  way  of  Peril  Straits  was  studied,  and  the  min- 
ing camps  at  Funter  Bay,  Freshwater  Bay,  and  Rodman  Bay  were 
visited.  In  July  the  senior  author  made  an  investigation  of  the  mines 
and  prospects  of  the  Sitka  region,  while  the  junior  author  examined 
|  the  coal  and  metalliferous  deposits  of  Admiralty  Island.  August  was 
spent  in  mapping  the  geology  along  the  coast  from  Sitka  to  Wrangell, 
and  in  making  a  reconnaissance  of  the  Wrangell  mining  district.  The 
latter  part  of  the  month  and  the  first  ten  days  of  September  were  occu- 
pied by  the  senior  author  in  studying  the  formations  exposed  for  180 
miles  up  the  Stikine  River,  which  intersects  the  Coast  Range.  The 
junior  author,  during  this  time,  completed  the  geologic  reconnaissance 
of  the  mainland  from  Windham  Bay  to  Cleveland  Peninsula.  The 
remaining  weeks  in  September  were  devoted  to  collecting  data  on  the 
recent  mine  improvements  and  the  character  of  the  ore  deposits  in  the 
Ketchikan  district. 
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Because  of  the  illness  of  the  senior  author  the  preparation  of  this 
paper  has  fallen  chiefly  to  the  junior  author,  who  has  abstracted  the 
notes  of  the  former  and  presents  the  following  conclusions. 

The  purpose  of  this  paper  is  to  give  a  brief  summary  of  the  eco- 
nomic developments  which  have  been  made  during  the  past  few  years 
in  southeastern  Alaska.  A  more  complete  discussion  of  investiga- 
tions, accompanied  by  maps  of  the  region,  is  in  preparation  and  will 
be  published  later. 

The  total  gold  production  from  southeastern  Alaska  for  1904, 
excluding  that  of  the  Treadwell  group  of  mines,  is  estimated  to  aggre- 
gate $275,000.  The  yield  of  the  Treadwell  mines  will  be  approxi- 
mately $3,000,000.  The  production  of  silver  will  not  be  greater  than 
$30,000,  and,  excepting  small  shipments  for  smelter  tests,  that  of  cop- 
per has  been  nil. 

GEOLOGY. 

To  make  clear  the  descriptions  of  the  ore  deposits,  the  general  geo- 
logic character  of  the  Alexander  Archipelago  will  be  briefly  described, 
after  which  the  several  mining  districts  will  be  treated  in  turn. 

STRUCTURE. 

The  distribution  of  the  coast  formations  in  wide,  extensive  belts,  all 
striking  in  a  general  northwest-southeast  direction  with  relatively 
steep  dips,  facilitates  the  geologic  mapping  to  a  great  degree.  The 
arrangement  of  the  sedimentary  rocks  points  to  simple  structure,  and 
though  folds  a  thousand  feet  or  more  in  width  are  prominent  among 
the  islands,  a  duplication  of  the  beds  on  a  large  scale  has  not  been 
observed.  Numerous  intrusions  of  igneous  rocks,  essentially  of  granite, 
diorite,  and  gabbro,  have  caused  a  displacement  and  metamorphism  of 
the  sedimentary  beds,  rendering  difficult  a  grouping  into  continuous 
series.  The  lack  of  fossils  in  many  of  the  strata  likewise  prevents  at 
the  present  time  a  definite  correlation  of  the  formations. 

DISTRIBUTION   OF    ROCKS. 

The  main  mountain  mass  between  the  international  boundary  and  tide 
water  is  composed  of  a  light-gray  eruptive  rock.  This  rock  in  general 
i  esemblesa  granite  and  is  usually  so  named,  but  microscopic  examination 
proves  it  to  be  a  granodiorite  or  a  quartz-diorite  of  coarse  crystalline 
texture.  Southwest  of  this  Coast  Range  invasion  are  gneissoid  rocks 
and  highly  metamorphic  schists,  interstratified  with  narrow  belts  of 
marble.  Adjacent  to  these  and  bordering  the  coast  of  the  mainland 
are  argillaceous  slates,  more  or  less  carbonaceous,  including  limestones,] 
and  these  again  are  followed  by  extensive  belts  of  more  or  less  schis- 
tose greenstone. 
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Among  the  islands  of  the  archipelago  a  particular  formation  is  not 
continuous  along  a  definite  line,  and  cross  sections  vary  in  different 
latitudes.  These  islands  are  composed  in  the  main  of  wide,  intrusive, 
granitic  belts,  often  forming  the  core  of  the  islands;  of  Paleozoic,  lime- 
stone beds  in  places  several  miles  in  width,  and  of  wide  areas  of  intru- 
sive greenstones,  usually  schistose.  On  some  of  the  islands  black 
slates  are  prominent,  and  probably  form  the  bed  rock  of  many  of  the 
channels.  Where  slates  occur  in  the  vicinity  of  an  intrusive  belt  they 
are  invariably  altered  to  mica-schist  and  hornfels,  and  similarly  many 
of  the  limestone  beds  have  been  changed  to  marble.  In  the  vicinity 
of  Sitka  and  farther  southward,  along  the  Pacific  coast,  extensive 
though  relatively  narrow  belts  of  gray wacke  form  the  country  rock. 

A  very  much  younger  group  of  comparatively  flat-lying  rocks  rest 
upon  the  upturned  and  eroded  edges  of  the  older  sediments.  They 
comprise  a  series  of  sandstones  and  conglomerates  interstratified  with 
numerous  coal  seams  containing  fossils  of  Eocene  age."  These  beds 
appear  to  have  been  deposited  in  relatively  low,  flat  areas,  notably  on 
Admiralty  and  Kuiu  islands,  subsequent  to  the  upheaval  of  the  moun- 
tain ranges,  and  were  not  subjected  to  the  dynamic  forces  which  caused 
the  metamorphism  and  folding  of  the  underlying  limestones  and 
associated  strata.  These  Eocene  beds  show  evidence  of  only  gentle 
folding  accompanied  by  slight  faulting. 

Subsequent  to  the  deposition  of  the  coal  beds  portions  of  the  two 
above-mentioned  islands  were  covered  by  flows  of  andesitic  lava,  dikes 
of  which  are  also  found  on  many  of  the  other  islands,  cutting  the  older 
sediments. 

MINERALIZATION. 

Lode  systems,  following  definite  geologic  horizons,  have  been  traced 
for  many  miles  along  the  west  slope  of  the  Coast  Range.  These  lodes 
occur  within  limited  zones  of  mineralization,  which  follow  the  trend 
of  the  sediments  and  form  irregularly  disposed  concentrations  of  min- 
eral, sometimes  sufficient  to  make  an  ore.  Such  zones  were  observed 
by  A.  C.  Spencer  and  the  writer  along  the  mainland,  from  Berne  is 
Bay  to  Windham  Bay,  and  are  described  in  a  general  way  in  the  pre- 
liminary report  on  the  Juneau  gold  belt.5  What  seems  to  be  the 
southern  continuation  of  these  mainland  belts  traverses  the  Wrangell 
and  Ketchikan  districts.  They  are  presumably  represented  by  the 
mineral  locations  in  Port  Houghton,  Thomas  Bay,  Glacier  basin  cast 
of  Wrangell,  Bradfield  Canal,  and  Thorne  Arm  east  of  Ketchikan. 

The  data  collected  from  the  mineral  outcrops  and  mines  of  the  many 
islands  of  this  territory  have  not  been  sufficient  to  define  the  existence 

aDall,  W.  H.,  Coal  and  lignite  of  Alaska:  Seventeenth  Ann.  Kept.  U.  S.  Geol.  Survey,  pt.  1,  pp. 
769-908.  Brooks,  A.  H.,  The  coal  resources  of  Alaska:  Twenty-second  Ann.  Kept.  U.  S.  Geol.  Survey, 
pt.  3,  pp.  515-571. 

&Spencer,  A.  C,  The  Juneau  gold  belt,  Alaska:  Bull.  U.  S.Geol.  Survey  No.  225,  pp.  28-42. 
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of  extensive  lode  systems  traceable  over  great  distances,  and  it  appears 
from  the  evidence  already  gathered  that,  beyond  the  boundaries  of  the 
main-lode  system,  mineralization  is  widely  and  irregularly  distributed. 
However,  on  Admiralty  Island  a  mineralized  zone  may  be  traced  from 
Funter  Bay  through  the  Mammoth  group  south  of  Young  Bay  and 
to  the  Johnson  prospect  on  Seymour  Canal,  4  miles  north  of  Wind- 
fall Harbor.  Another  may  be  said  to  occur  on  Baranof  Island,  begin- 
ning at  Billy  basin  east  of  Sitka,  traversing  the  properties  in  the 
vicinity  of  Silver  Bay  and  striking  southeastward  through  the  Luck}7 
Chance  property,  a  distance  of  12  miles.  This  zone  may  also  be 
represented  by  mineral  outcrops  which  have  been  located  recently  at 
the  head  of  Red  Bluff  Bay,  an  indentation  on  the  east  shore  of  Baranof 
Island. 

Mineral-bearing  veins  and  impregnations  of  copper  and  gold  ores 
may  follow  or  recur  along  certain  schistose  and  sedimentary  beds,  or 
near  contacts  of  igneous  rocks,  for  several  miles,  but  no  well-detined 
belts  of  mineralization  have  yet  been  traced  on  the  islands  to  the  south. 

ORE    DEPOSITS. 

The  ore  deposits  themselves  vary  greatly.  Some  are  strong  gold- 
bearing  quartz  fissures  containing  free-milling  ore  of  moderate  grade, 
as  at  Berners  Bay,  Sitka,  and  Snettisham.  Some  are  rich  stringer 
leads,  occurring  in  slates  and  schists,  as  at  Sheep  Creek  and  Funter 
Bay.  Others  follow  wide  dikes  of  a  mineralized  basic  rock  intersect- 
ing the  slates,  as  in  the  Silver  Bow  basin.  Both  slates  and  dikes  are 
cut  by  numerous  gash  veins  accompanied  by  sulphides,  which  also 
penetrate  the  inclosing  rock  and  form  wide  bodies  of  low-grade  ore. 
Still  others  are  mineralized  belts  of  slate  or  schist  impregnated  with 
sulphides  of  iron  and  intersected  b}^  numerous  stringers  of  quartz  and 
calcite  and  occasional  concentrations  of  massive  auriferous  sulphide. 
Deposits  of  this  character  occur  at  the  Yakima  and  Nevada  Creek 
properties  on  Douglas  Island,  the  Portland  group  on  Endicott  Arm, 
the  prospects  up  Spruce  Creek  at  Windham  Ba}r,  and  the  Rodman  Bay 
mines.  However,  for  the  most  part  these  ores  are  of  too  low  grade 
for  profitable  mining. 

The  ore  bodies  of  the  Treadwell  group  of  mines,  as  shown  by 
Becker  a  and  Spencer^  are  brecciated  masses  of  intrusive  syenite  inter- 
sected by  a  network  of  quartz  and  calcite  veinlets  and  impregnated 
with  pyrite,  which  is  found  both  in  the  veinlets  and  the  rock  itself. 
These  deposits  occur  in  carbonaceous  slates,  the  structure  of  which  they 
closely  follow.  Similar  ore  deposits  have  not  been  discovered  else- 
where in  Alaska. 

« Becker,  G.  F.,  Reconnaissance  of  gold  fields  of  southern  Alaska:  Eighteenth  Ann.  Kept.  U.  S.  Geol. 
Survey,  pt.  3. 
b Spencer,  A.  C,  The  geology  of  the  Treadwell  ore  deposits,  Alaska:  Trans.  Am.  Inst.  Min.  Eng., 

vol.  ;;•">. 
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In  the  Wrangell  district,  farther  south,  the  principal  deposits  are  on 
Woewodski  Island,  where  the  ore  bodies  consist  of  wide  lederes  filling1 
brecciated  fissures  in  the  greenstone  and  carrying  principally  gold  val- 
ues intimately  associated  with  the  sulphides,  so  that  they  are  not  suited 
for  treatment  by  amalgamation. 

Copper  is  the  predominating  metal  of  the  Ketchikan  district,  and 
deposits  composed  essentially  of  copper  and  iron  sulphides  occur  in 
wide  belts  of  greenstone  in  the  form  of  lenticular  masses  many  feet  in 
width  and  often  several  hundred  feet  in  length.  Such  ore  bodies 
are  being  developed  at  Niblack  and  at  Hadley  for  both  copper  and 
gold.  Contact  copper  deposits  between  granodiorite  and  limestone 
and  in  some  instances  along  the  contact  of  a  basic  intrusive'  dike, 
are  well  presented  in  the  vicinity  of  Copper  Mountain  and  at  the 
Green  Monster  group,  on  the  west  side  of  Prince  of  Wales  Island. 
At  Dolomi,  Hollis,  and  Sealevel  the  deposits,  with  slate,  limestone, 
and  schist  as  country  rocks,  consist  of  free-milling  gold  quartz  ledges, 
1  foot  to  several  feet  in  width,  carrying  both  high  and  moderately 
ow  values  in  gold. 

PLACEli    DEPOSITS. 

The  gold-bearing  gravel  deposits  along  the  southeast  coast  of  Alaska 
ire  of  low  grade  and  are  being  worked  as  such  at  several  localities, 
lamely:  Shuck  River  at  Windham  Bay,  Gold  Creek  in  the  vicinity  of 
Juneau,  McGinnis  Creek  15  miles  north  of  Juneau,  Windfall  Creek 
50  miles  north  of  Juneau,  and  in  the  Porcupine  placer  district.  Of 
;hese,  only  two,  Gold  and  Porcupine  creeks,  have  yielded  placer  gold 
n  profitable  amounts,  though  at  the  other  localities  developments  are 
progressing  rapidly,  and  it  is  hoped  that  they  will  soon  arrive  at  the 
productive  stage. 

MINES  AND   DEVELOPMENTS. 
SKAGWAY    MINES G    DISTRICT. 

The  Skagway  mining  district  includes  that  portion  of  the  mainland 
erritory  west  of  Lynn  Canal  to  a  point  just  north  of  Lituya  Bay, 
ommonly  known  as  Cape  Fairweather,  and  also  the  strip  of  land  on 
he  eastern  side  of  Lynn  Canal  north  of  a  point  opposite  Sullivan 
sland.  The  northern  termination  follows  the  international  bound 
ry  between  Alaska  and  British  Columbia.  The  principal  mining 
ocality  of  this  section,  the  Porcupine  placer  district,  was  visited  and 
eported  upon  in  1903. a  Since  that  time  developments  have  been  con- 
inued  on  Porcupine  Creek  by  the  owners  of  the  Discovery  and  other 
laims  to  the  mouth  of  McKinle}^  Creek.  The  large  bed-rock  flume, 
egun  last  season,  has  been  continued  several  hundred  feet  upstream 

a  Wright,  C  W.,  The  Porcupine  placer  district,  Alaska:  Bull.  U.  S.  Geol.  Survey  No.  236. 
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on  the  Discovery  claim,  and  through  it  both  the  creek  gravels  and  the 
side-bench  deposits  are  being  sluiced.  The  former  difficulty  in  han- 
dling large  bowlders  contained  in  the  gravel  wash  is  to  a  great  degree 
lessened  by  the  swift  current  in  the  bed-rock  flume,  which  transports 
the  greater  part  to  points  below  the  workings.  At  McKinley  Creek 
operations  were  not  continued  the  last  season,  and  across  the  divide 
on  Nugget  Creek  and  on  the  Salmon  River  the  proposed  developments 
of  last  year  were  not  accomplished,  little  work  being  done. 

Glacier  Creek,  3  miles  west  of  Porcupine  Creek,  though  idle  during 
the  summer,  will  be  opened  up  this  winter  during  the  months  of  low 
water.  Excepting  the  annual  assessment  work  and  the  staking  of  a  few 
claims,  little  or  nothing  has  been  done  farther  north,  on  Bear  Creek. 

Prospects  are  reported  in  the  vicinity  of  Skagway,  where  there  are 
tunnels  and  small  shafts  on  many  of  the  deposits.  None  of  thjese  have 
yet  become  gold  producers  and  many  have  been  abandoned. 

JUNEAU   MINING   DISTRICT. 

The  Juneau  mining  district  embodies  that  portion  of  the  mainland 
from  Cape  Fanshaw,  in  Frederick  Sound,  to  a  point  opposite  Sullivan 
Island,  in  Lynn  Canal,  and  includes  Admiralty  and  Douglas  islands. 

A  detailed  study  of  the  geology  and  mines  on  Douglas  Island  and 
on  the  mainland  from  Berners  Bay  to  Windham  Bay  was  made  in! 
1903  by  Arthur  C.  Spencer.  His  report,  including  topographic  and 
geologic  maps  of  the  area,  is  now  in  preparation  and  will  soon  be 
available  for  distribution.  In  view  of  the  early  publication  of  this 
report  only  a  brief  mention  will  be  made  of  the  late  developments  on 
these  mainland  deposits,  while  a  short  description  of  the  coal  and 
metalliferous  deposits  on  Admiralty  Island  will  be  added. 

TKEADWELL    GROUP. 

During  the  last  year  a  large  3,500-foot  hoist  has  been  installed  at 
the  Treadwell  mine  to  replace  the  small  one  at  the  main  shaft,  whiclj 
has  now  reached  a  depth  of  nearly  1,200  feet.  At  this  depth  the  ore! 
body  has  proved  to  be  of  better  grade  than  nearer  the  surface,  and  at 
the  900-foot  level  the  included  mass  of  slate  in  the  central  portion  of 
the  deposit  has  disappeared  and  the  deposit  has  a  continuous  width 
of  over  300  feet.  During  the  year  ending. May  31,  1904,  the  explora- 
tion and  development  work,  including  drifting,  cross  cutting,  and  shaft 
sinking,  amounted  to  9,372  feet.  The  ore  milled  amounted  to  774,595 
tons  and  the  ore  reserves  are  estimated  at  4,017,289  tons.  The  value 
of  the  ore  mined  averaged  $2.44  per  ton,  while  the  total  expenses  of 
extraction  amounted  to  only  $1.37  per  ton. 

At  the  Mexican  and  Read3^-Bullion  mines,  east  of  the  Treadwell, 
the  developments  during  1904  showed  but  little  change  in  the  char- 
acter of  the  ore  bodies.     Statistics  on  the  developments  and  production 
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of  these  mines  for  the  year  ending  December  31  will  not  be  published 
in  time  to  include  the  data  in  this  paper.  The  mining  methods 
employed  have  been  very  clearly  described  by  Mr.  K.  A.  Kinzie," 
superintendent  of  the  Treadwell  mines,  and  the  geology  of  the  ore 
deposits  has  been  given  in  much  detail  by  A.  C.  Spencer,6  of  the  V.  S. 
Geological  Survey. 

Within  the  Gold  Creek  drainage  area  work  has  been  continued,  with 
promising  results,  at  the  Ebner,  the  Humboldt,  the  Alaska- Juneau,  and 
the  Perseverance  mines;  but,  though  large-scale  operations  on  these 
properties  have  been  proposed,  no  great  advancement  has  been  made  in 
this  direction. 

At  Little  basin,  the  Jualpa  Mining  Company's  placer  property, 
within  a  mile  of  Juneau,  operations  have  been  confined  to  the  installa- 
tion of  a  flume  sufficient  to  control  the  waters  of  Gold  Creek  during 
their  highest  stages  and  thus  permit  hydraulic  operations  to  be  car- 
ried on  with  safety.  This  flume,  which  follows  the  south  side  of  the 
valley  slope,  is  4,250  feet  in  length,  20  by  9  feet  in  cross  section,  and 
has  a  grade  of  1.66  per  cent.  At  the  head  of  the  basin  a  dam  has  been 
built  in  bed  rock,  and  gates  have  been  constructed  to  control  the  flow 
of  water  into  the  flume  or  creek  bed.  A  tunnel  2,000  feet  long  is 
being  extended  400  feet  to  a  point  under  the  basin  where  it  will  tap 
the  gravel  bed  90  feet  below  the  surface.  Early  in  the  spring,  when 
this  tunnel  is  completed,  hydraulicking  of  these  auriferous  gravels 
will  be  commenced. 

The  Sheep  Creek  mines,  5  miles  east  of  Juneau,  are  again  being  sys- 
tematically developed  and  have  been  good  producers  in  both  gold  and 
silver  this  past  year. 

MINES   SOUTH    OF   JUNEAU. 

The  Snettisham  mine,  approximately  35  miles  south  of  Juneau,  has 
continualh7  produced  good  ore  from  its  relatively  small  deposit,  and 
the  20-stamp  mill  on  the  property  has  been  in  operation  during  the 
greater  part  of  the  year. 

At  Sumdum,  50  miles  southeast  of  Juneau,  operations  have  ceased 
and  the  mining  plant  is  to  be  removed,  owing  to  the  failure  of  the 
quartz  ledge  in  depth,  prohibiting  profitable  extraction.  It  is  doubt- 
ful whether  mining  will  ever  be  resumed  at  this  place. 

Still  farther  south,  at  Windham  Bay,  developments  have  continued 
on  many  of  the  properties,  though  none  of  these  have  as  yet  proved 
productive.  The  mineral  belts  are  low  in  gold  values  and  though 
occasional  seams  with  visible  gold  are  found  the  ores  will  require  very 
economical  methods  of  extraction  to  insure  profitable  mining. 

a  Kinzie,  R.  A.,  The  Treadwell  group  of  mines,  Alaska:  Trans.  Am.  Inst.  Min.  Eng.,  vol.  34,  pp. 
334-386. 

b  Spencer,  A.  C.,  The  geology  of  the  Treadwell  ore  deposits,  Alaska:  Trans.  Am.  Inst.  Min.  Eng., 
vol.  35. 
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MINES   NOKTH    OF   JUNEAU. 


Northward  from  Juneau  along  the  mainland  as  far  as  Berners  Bay 
much  attention  has  been  directed  to  the  many  prospects,  and  some 
promising  leads  have  been  discovered.  Besides  the  operations  in  pro- 
gress on  the  placers  of  McGinnis  Creek  and  Windfall  Creek,  previously 
mentioned,  investigations  have  been  advanced  on  the  quartz  ledges  at 
T  Harbor,  Eagle  River,  Yankee  Cove,  and  Berners  Bay. 

The  Peterson  group  of  claims  near  T  Harbor,  20  miles  north  of 
Juneau,  was  bonded  and  operated  the  early  part  of  1904,  but,  owing  to 
mismanagement,  developments  were  suspended  in  the  fall. 

The  property  of  the  Eagle  River  Mining  Company,  25  miles  north 
of  Juneau  and  7  miles  from  salt  water,  has  been  opened  by  several 
hundred  feet  of  crosscutting  and  drifting.  The  quartz  ledge  varies 
from  3  to  6  feet  in  width  and  is  reported  to  be  of  high  grade  ore.  A 
20-stamp  mill  close  to  the  river  is  in  operation  and  is  connected  with 
the  mine  tunnel,  260  feet  above  it,  by  a  cable  tram.  A  tramway  3 J 
miles  long  has  been  built  from  the  beach  and  the  remaining  3J  miles  is 
covered  by  a  wagon  road.     The  ore  is  reported  to  average  $30  per  ton. 

The  Alaska-Washington  Gold  Mining  Company,  operating  west  of 
Yankee  Cove,  has  completed  several  hundred  feet  of  tunneling,  also  a: 
50-foot  shaft,  during  the  year.  The  ledge  is  reported  to  be  of  high- 
grade  ore  and  though  of  no  great  size  is  supposed  to  be  of  sufficient 
value  to  warrant  farther  developments. 

At  Berners  Bay  the  Kensington  mine  has  been  under  development 
during  the  summer,  and  a  crosscut  tunnel  1,800  feet  in  length  has 
been  completed,  cutting  the  ledge  95  feet  in  width  at  a  depth  of  1,400 
feet  below  the  surface.  The  quality  of  the  ore  is  reported  to  improve 
with  increasing  depth,  and  the  property  promises  well  as  a  future  gold 
producer.  Flans  have  been  made  for  the  erection  of  a  large  mining 
and  milling  plant,  and  a  town  site  has  been  surveyed  along  the  shore 
below  the  mine. 

At  the  Jualin  and  other  adjacent  mines  near  Berners  Bay,  no  exten- 
sive improvements  were  accomplished  in  1904,  and  no  recent  discov- 
eries of  much  import  were  made  in  the  vicinity. 


MINES    ON    ADMIRALTY    ISLAND. 


Fxmtev  Bay. — Funter  Bay  forms  a  harbor  on  the  east  side  of  Chatham 
Strait,  10^  miles  southward  from  Point  Retreat,  the  most  northern 
point  of  Admiralty  Island.  The  rocks  exposed  along  the  shores  of 
this  bay  grade  from  amphibole  to  chlorite-schists,  and  are  interstrati- 
fied  in  places  with  beds  of  marble.  There  is  evidence  of  much  folding 
throughout  this  entire  series,  the  anticlines  and  synclines  often  being  a 
thousand  feet  or  more  in  width.  The  general  strike  is  north-northwest 
and  the  prevailing  dip  southwest.     Dikes  of  a  basic  character,  averaging 
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several  feet  in  width,  crosscut  the  series  in  a  northeast  direction.  In  this 
same  general  course,  N.  60°  E.,  are  exposures  of  narrow  quartz-filled 
fissures,  a  hundred  feet  or  more  apart,  which  form  the  ore  bodies  of 
the  principal  mines.  A  second  system  of  quartz  veins,  considerably 
larger  and  striking  N.  10°  W.,  is  represented  at  the  Portage  group  of 
claims,  2  miles  from  the  head  of  the  bay,  as  well  as  by  the  prospects 
on  the  southeast  side  of  Funter  Mountain.  These  have  not  received 
much  development  and  are  reported  to  be  low  in  gold  values. 

The  Tellurium  mine  and  numerous  other  claims,  58  in  all,  comprise 
the  holdings  of  the  Funter  Bay  Mining  Company,  established  in  1902. 
Since  that  time  nothing  more  than  the  annual  assessment  work  has 
been  accomplished.  At  the  Tellurium  mine,  close  to  the  water's  edge 
on  the  south  side  of  the  bay,  the  ore  body  consists  of  a  quartz  ledge 
several  feet  in  width,  that  strikes  N.  60°  E.,  crosscutting  a  chlorite- 
schist  country  rock.  This  ledge  is  opened  by  two  shafts,  each  100 
feet  in  depth,  and  by  a  tunnel  60  feet  in  length.  The  ore — the  greater 
part  of  which  is  free-milling — is  treated  in  a  10-stamp  mill  and  is 
reported  to  average  $8  per  ton  in  gold.  The  other  holdings  of  this 
company  are  located  at  various  elevations  on  the  mountain  slope  to 
the  south.  The  ore  bodies  consist  essentially  of  stringer  leads  vary- 
ing from  several  inches  to  several  feet  in  width.  Assa}rs  from  many 
of  these  small  ledges  are  reported  to  give  high  values. 

The  War  Horse  mine,  1  mile  southeast  of  the  Tellurium,  was 
developed  extensively  in  1897  by  the  Keystone  Gold  Mining  Company, 
and  in  1900  it  was  again  operated,  but  since  that  time  no  important 
improvements  have  been  made.  The  ledge  is  very  small,  averaging  2 
feet  in  width,  but  is  rich  in  free  gold,  which  occurs  finely  disseminated 
throughout  the  quartz.  The  developments  consist  of  two  shafts  18 
and  125  feet  deep,  besides  320  feet  of  drifting  along  the  vein.  The 
ore  which,  after  careful  hand  sorting  was  shipped  direct  to  the  smelter, 
is  said  to  have  had  a  value  of  about  $100  per  ton. 

Young  Bay. — The  continuation  of  the  Funter  Bay  mineral  belt  is 
probably  represented  by  the  Mammoth  group  of  mines,  situated  at 
2,600  feet  elevation  1  miles  south  of  Young  Bay  and  12  miles  south- 
east of  Funter  Bay.  The  ore  deposits  here,  however,  differ  from 
those  at  Funter  Bay  in  that  the  country  rock — a  schist — is  heavily 
mineralized,  while  the  quartz-filled  fissures  are  rare  and  of  very  minor 
importance.  Within  the  three  defined  mineralized  zones  are  many 
rich  seams  candying  galena,  sphalerite,  and  some  free  gold,  and  these 
greatly  increase  the  average  values  of  the  ore.  These  ore  belts  vary 
from  25  to  75  feet  in  width  and  have  been  traced  several  hundred 
yards  along  the  strike  of  the  inclosing  schists.  Very  high  assay  values 
are  reported  in  gold  and  silver,  and  small  smelter  shipments  and  mill 
tests  have  given  sufficiently  favorable  returns  to  justify  the  construc- 
tion of  a  1,500-foot  crosscut  tunnel,  which  is  already  575  feet  in  length. 
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This  will  eventually  undercut  the  ore  bodies  at  a  depth  of  300  feet. 
Other  developments  on  this  property  include  several  open  cuts  and 
small  pits,  exposing  the  mineralized  rock  at  various  points  along  the 
surface. 

On  the  west  side  of  Seymour  Canal,  4  miles  north  of  Windfall  Harbor, 
a  deposit  of  copper  and  iron  sulphides  is  exposed  in  a  quartz-sericite- 
schist  of  sedimentary  origin.  These  sulphides  have  been  introduced 
with  stringers  of  quartz  along  the  strike  of  the  schist  and  form  a  min- 
eral zone  20  feet  in  width.  The  deposit  is  located  close  to  the  water's 
edge  and  has  been  prospected  by  a  50-foot  shaft  and  a  drift  crosscutting 
the  ore  body.  The  low  percentage  of  copper  and  small  gold  values  in 
the  ore  have  not  encouraged  further  developments. 

At  Gambier  Iki/v,  south  of  the  entrance  to  Seymour  Canal,  chalcopy- 
rite  occurs  with  other  sulphides  in  irregular  quartz  veins  and  string- 
ers, which  follow  the  general  trend  of  a  calc  slate  country  rock.  These 
deposits  are  located  on  the  north  slope  of  Cave  Mountain  at  the  head 
of  Gambier  Bay  and  on  the  northeast  slope  of  Mount  Gambier.  None 
of  the  properties  have  received  much  attention,  most  of  them  even 
lacking  assessment  work. 

(  bal. — The  existence  of  coal  beds  at  Murder  Cove,  just  east  of  Point 
Gardner,  and  in  Kootznahoo  Inlet  north  of  Killisnoo,  has  been  known 
for  many  years,  and  early,  though  unsuccessful,  attempts  were  made 
by  the  Navy  Department  to  locate  workable  deposits  on  this  island. 
Later  in  the  nineties  private  prospecting  was  undertaken  by  many 
persons,  with  the  idea  that  the  narrow  coal  seams  exposed  would  become 
wider  in  depth  or  that  the  small  beds  indicated  more  extensive  deposits 
below. 

In  Kootznahoo  Inlet  coal  is  widely  distributed  in  the  sandstone  con- 
glomerate beds  of  Eocene  age.  These  beds  are  but  slightly  folded  and 
faulted.  The  coal  seams  average  from  a  few  inches  to  a  few  feet  in 
width,  and  many  thousands  of  dollars  have  been  spent  in  their  devel- 
opment without  revealing  minable  deposits.  Most  of  the  properties 
have  been  abandoned,  and  no  work  was  in  progress  during  the  last 
summer. 

At  Murder  Cove  only  one  coal  seam  has  received  attention.  This  is 
located  2  miles  from  the  head  of  the  cove  at  an  elevation  of  500  feet. 
The  inclosing  beds  are  composed  of  basaltic  tuff,  breccia,  and  lava  which 
show  much  surface  decomposition.  This  occurrence  resembles  that  of 
the  Yukon  coal  beds."  The  absence  of  fossils  and  the  alteration  of 
these  beds  have  been  caused  in  part  by  the  overlying  lava  flows, 
which,  however,  have  made  the  coal  much  harder  and  of  a  better 
quality.  Both  the  coal  beds  and  rocks  in  which  they  occur  have 
been  folded  sufficiently  to  render  the  profitable  extraction  of  the  coal 
a  difficult  problem.    The  coal  lies  in  three  seams,  separated  by  thin 

a  Collier,  A.  J.,  Coal  resources  of  the  Yukon,  Alaska:  Bull.  U.  S.  Geol.  Survey  No.  218,  p.  18. 
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beds  of  impure  coal  and  tuff.  The  average  total  thickness  of  coal 
is  about  5  feet.  It  has  been  developed  by  a  crosscut  tunnel  2.'><>  feet 
in  length  and  a  drift  of  100  feet  along  the  coal  bed.  From  the  drift 
an  incline  shaft  at  an  angle  of  25°  has  been  sunk  to  a  depth  of  180 
feet,  where  the  coal  bed,  found  to  be  displaced,  was  again  discovered 
after  much  drifting. 

Other  coal  seams,  of  no  economic  importance,  however,  occur  both 
at  Hamilton  Ba}^  and  at  Port  Camden  in  Keku  Straits  south  of 
Admiralty  Island. 

The  coal  in  the  Alexander  Archipelago  gives  no  promise  of  being  in 
sufficient  quantity  to  make  producing  mines  and  thus  reduce  the  cost 
of  fuel.  Small  amounts,  however,  may  be  obtained  from  some  of  the 
coal  seams  for  local  use. 

SITKA    MINING    DISTRICT. 

The  Sitka  mining  district  includes  both  Baranof  and  Chichagof 
islands,  the  two  westernmost  islands  of  the  Alexander  Archipelago. 
The  rocks  strike  in  a  northwest  direction,  usually  have  steep  dips,  and 
are  arranged  in  wide  belts.  The  eastern  coast  of  Chichagof  Island  is 
composed  of  limestone  beds  of  Carboniferous  age,  into  which  have 
been  intruded  bands  of  granodiorite,  with  their  long  axis  parallel  to 
the  cleavage  of  the  sediments.  At  the  south  end  of  the  island  is  a 
series  of  chlorite-schists  and  carbonaceous  shales  which  appear  not  only 
to  underlie  Hooniah  Sound,  but  also  to  form  the  country  rock  in  the 
vicinity  of  the  Rodman  Bay  mines.  Along  the  narrows  of  Peril 
Straits  is  a  wide  belt  of  granodiorite  which  farther  southwest  shows 
such  segregation  of  the  basic  minerals  as  to  resemble  greenstone. 
Adjacent  to  this  is  an  assemblage  of  sedimentary  rocks  metamorphosed 
to  mica-schists  and  overlain  by  slate-gra}^wacke  series.  In  the  vicinity 
of  Sitka  these  strata  form  the  bed  rock  exposed  along  the  coast  and 
the  countiy  rocks  of  the  ore  deposits.  This  slate-gra}^wacke  series  has 
been  intruded  by  numerous  dikes  of  varying  composition  which  are 
associated  with  or  near  the  mineral  deposits. 

The  ore  bodies  are  irregular,  quartz-tilled  fissures,  and  are  usually 
parallel  to  the  bedding  planes  of  the  slate-graywacke  country  rock. 
The  ledges  vary  rapidly  in  width  and  arc  divided  into  a  number  of  small 
veins  in  some  places  and  into  a  series  of  small  stringers  along  the  bed- 
iding  planes  at  others,  thus  forming  a  mineral  zone  composed  of  stringer 
leads.  The  ledges  are  crosscut  by  horizontal  veins  which  are  appar- 
ent^ unmineralized  and  of  later  origin.  The  values  are  essentially 
£old  associated  with  pyrite  and  pyrrhotite. 

Cache  mime. — This  property,  formerly  known  as  the  Stewart  mine, 

s  located  east  of  and  \\  miles  from  the  head  of  Silver  Bay  at  an  ele- 
vation of  720  feet.     It  is  the  only  patented  claim  in  this  area.     The 

nine  is  on  a  quartz  ledge  which  is  4  to  12  feet  in  width  and  strikes 
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N.  70°  W.,  parallel  with  the  slate  country  rock.  It  has  been  opened 
at  several  elevations  by  three  tunnels  varying  from  50  to  150  feet  in 
length,  and  considerable  ore  has  been  stoped  out  and  treated  b}^  a  10- 
stamp  mill  on  the  property.  The  ore  is  reported  to  average  $7.50 
per  ton. 

Bauer  mine. — This  mine  is  2  miles  southeast  of  Silver  Bay  and  1 
mile  south  of  the  Cache  mine,  at  an  elevation  of  1,700  feet.  A  cross- 
cut tunnel  900  feet  in  length  reaches  the  main  ledge,  which  is  16  feet  in 
width  at  a  depth  of  about  400  feet.  It  also  cuts  several  smaller  quartz 
veins  striking  parallel  with  the  formation.  The  average  value  of  the 
ledge  is  said  to  be  $4.50  in  gold  per  ton.  Assessment  work  only  has 
been  done  on  the  property  this  past  year. 

Lucky  Chance  mine. — This  property  is  situated  in  a  precipitous 
mountain  range,  2,500  feet  above  sea  level  and  4  miles  as  the  crow 
flies,  or  7  by  wagon  road,  from  the  head  of  Silver  Bay.  The 
quartz  ledge  has  a  maximum  width  of  8  feet  where  it  outcrops;  but  in] 
the  tunnel  it  is  not  constant  in  width  and  appears  to  merge  into  a  series 
of  narrow  stringers  penetrating  the  mineralized  slate  hanging  wall. 
The  foot  wall  of  graywacke  is  locally  known  as  diorite,  because  of  its 
compact,  massive  structure.  A  000-foot  tunnel  follows  the  ledge  ancfl 
connects  through  a  raise  with  a  surface  pit.  The  surface  improve-] 
ments  comprise  a  10-stamp  mill,  a  sawmill,  and  a  water-power  plant. 
High  values  are  reported  from  parts  of  this  vein,  and  many  speci-. 
mens  of  free  gold  have  been  obtained. 

Billy  basin. — The  discovery  of  gold-bearing  quartz  in  this  basin,  3 
miles  east  of  Sitka,  has  caused  considerable  expenditure  of  money  and 
labor.  A  good  trail  was  made  and  a  sawmill  built,  but  little  was  dona 
underground.  The  extent  and  value  of  the  ore  deposit,  therefore,  cad 
not  be  determined,  as  it  has  only  been  opened  by  two  small  tunnels, 
which  expose  irregular  masses  of  quartz  in  the  slate-graywacke  coun- 
try rock. 

Many  other  prospects,  partly  developed,  notabty  the  Lower  Ledge, 
Bullion,  Free  Gold,  Liberty  Lode,  Silver  Bay  group,  and  the  Boston 
are  still  held  in  the  above  described  area,  some  of  which  have  very 
favorable  surface  showings,  but  lack  of  capital  and  inefficient  man-J 
agement  has  caused  a  suspension  of  explorations  for  the  past  few 
years. 

Rodman  Bay. — The  mineral  deposits  5  miles  from  the  head  of  Ro 
man  Bay  have  excited  much  interest  and  undergone  large  develop 
ments  since  their  discovery  in  1898.  The  basis  of  operations  at  this 
place  is  a  mineralized  belt  of  much  wrinkled  slate  several  hundred  feet 
in  width,  containing  interlaced  stringers  of  quartz  and  calcite  accom 
panied  by  sulphides  carrying  gold.  Irregular  fissures  filled  with 
quartz  are  also  encountered  in  the  tunnel  which  crosscuts  the  deposit 
The  slate  country  rock  has  been  intruded  by  dikes  of  diabase  in  th 
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vicinity  of  the  ore  body,  and  a  few  miles  distant  by  a  wide  grano- 
diorite  belt,  both  of  which  have  probably  been  controlling-  factors  in 
the  mineral  deposition. 

The  mine  developments  include  an  800-foot  crosscut  tunnel,  the 
buildings  for  a  120-stamp  mill,  a  small  power  plant,  and  a  narrow-gage 
railroad  7  miles  in  length  from  the  mill  to  the  wharf.  The  ore  is 
reported  to  be  of  very  low  grade,  and  the  work  which  has  been  done 
has  not  demonstrated  the  possibility  of  profitable  mining. 

Freshwater  Bay. — The  only  mineral  locations  on  Chichagof  Island 
have  been  made  on  a  gypsum  bed  outcropping  about  a  mile  from  the 
shore  of  Iyoukeen  Inlet,  a  harbor  just  north  of  Freshwater  Bay. 
This  deposit  is  interstratified  in  a  limestone  of  Carboniferous  age,  the 
beds  of  which  have  been  much  folded  and  sheared.  The  gypsum  is 
unsuitable  for  ornamental  purposes  on  account  of  cleavage  and  joint- 
ing planes,  but  it  is  of  an  excellent  quality  for  the  manufacture  of 
plaster  of  Paris.  The  stratum  has  been  exposed  by  an  open  cut  for 
50  feet  along  its  strike  and  for  20  feet  in  width,  and  by  a  shaft  for  40 
feet  in  depth,  but  its  full  extent  has  not  yet  been  defined.  About  300 
tons  of  the  material  are  in  sight.  The  favorable  location  of  this  prop- 
ert}^  and  the  value  of  calcined  gypsum  is  sufficient  to  warrant  further 
development. 

WRANGELL    MINING   DISTRICT. 

This  mining  district  extends  along  the  mainland  from  Cape  Fanshaw 
to  Bradtield  Canal  and  includes  Kuiu,  Kupreanof,  Mitkof,  Zarembo, 
Etolin,  and  Wrangell,  and  several  other  smaller  islands.  Prospecting 
in  this  section,  has  been  meager,  and  at  only  one  locality,  the  Olympic 
mine,  has  there  been  extensive  development  and  a  production  of  gold. 

Duncan  Canal. — On  the  west  side  of  the  small  island  of  Woewodski, 
at  the  south  entrance  to  Duncan  Canal,  is  the  property  of  the  Olympic 
Mining  Company,  embracing  some  60  claims.  Operations  have  been 
confined  principally  to  what  are  known  as  the  "Hattie"  Ledge  at  the 
lower  camp  and  the  "  Helen  S."  at  the  upper  or  Smith's  camp.  The 
country  rock  is  a  greenstone  which  is  probably  extrusive  and  which  is 
more  or  less  schistose.  The  main  cleavage  planes  strike  north -south 
and  dip  70°  E.  The  mineral  deposits  are  quartz  ledges  from  5  to 
15  feet  in  width,  which  apparently  fill  brecciated  zones  in  the  green- 
stones. They  strike  in  a  northeast-southwest  direction,  and  are  nearly 
vertical.  Large  masses  of  the  greenstone  are  included  in  these  ledges, 
and  the  stringers  of  quartz  penetrate  the  country  rock  in  all  directions 
near  the  main  ledge.  Portions  of  the  ledges  consist  of  a  network  of 
quartz  stringers  inclosing  the  altered  greenstone,  and  sulphides,  carry- 
ing the  gold  values,  are  disseminated  in  small  particles  in  the  quartz  as 
well  as  in  the  greenstone.  Practically  none  of  the  ore  is  free  milling. 
It  concentrates  about  18  to  1,  which  product  is  said  to  yield  $32  in  gold. 
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The  explorations  and  developments  aggregate  1,500  feet  of  shaft  sink- 
ing, crosscutting  and  drifting.  On  the  surface,  besides  the  shaft 
house,  is  a  well-built  20-stamp  mill,  a  compresser  plant  run  by  water- 
power,  and  other  mine  improvements.  Work  on  this  property  has 
been  suspended  since  the  early  part  of  1904. 

At  the  head  of  Duncan  Canal  are  several  copper  prospects  and  gold- 
bearing  ledges  which  are  at  present  receiving  considerable  attention. 
Here  also  the  country  rock  is  greenstone-schist  which  has  been 
intruded  by  wide  dikes  of  fine-grained  diorite. 

Near  the  north  end  of  the  east  arm,  on  the  west  slope  of  the  moun- 
tain range,  2  miles  from  the  shore,  is  the  Portage  Mountain  group  of 
claims.  Here  four  well-defined  ledges  striking  in  a  northeast  direc- 
tion have  been  prospected,  and  it  is  proposed  to  drive  a  crosscut  tunnel 
during  the  winter  of  1904-5  which  will  undercut  the  entire  system. 
The  ores  are  in  the  main  chalcopyrite  and  pyrite,  often  accompanied 
by  magnetite  and  pyrrhotite. 

On  the  west  side  of  the  east  arm  is  another  group  of  locations  on 
what  is  supposed  to  be  a  continuation  of  one  of  the  above-mentioned 
ledges.     This  property  is  also  to  be  developed  this  coming  year. 

A  third  prospect  is  located  2  miles  up  the  creek,  entering  the  north 
side  of  the  west  arm  of  the  canal.  At  this  point  the  ore  body  is  a 
mineralized  limestone  which  occurs  in  the  greenstone-schist  series,  and 
is  in  places  traversed  by  seams  along  which  a  concentration  of  the 
mineral  has  been  effected.  The  ore  is  pyrite  with  some  galena,  from 
which  favorable  assay  returns  are  reported.  Explorations  on  this 
property  have  just  been  started  and  the  extent  of  the  ore  body  has  not; 
been  determined. 

A  somewhat  novel  feature  is  the  presence  of  gold-bearing  quartz 
ledges  in  the  intrusive  granite  belt  on  Woronkofski  Island.  These 
are  situated  on  the  north  end  of  the  island,  on  a  point  called  the  Ele- 
phant's Nose,  and  have  been  located  as  the  Exchange  Group  of  claims. 
The  quartz  ledges  are  later  than  the  granite,  and  in  them  are  many 
inclusions  of  granite  masses,  altered,  and  more  or  less  impregnated 
with  mineral.  Two  ledges  averaging  12  feet  in  width  have  been 
opened  by  two  tunnels  and  open  cuts,  and  from  these  exposures  fair 
gold  assays  are  reported.  These  properties  have  remained  idle  for 
the  last  few  years. 

Glacier  basin. — Glacier  basin  is  a  glacially  eroded  depression  at  an 
elevation  of  2,000  feet  on  the  mainland,  14  miles  due  east  of  Wrangell  and 
8  miles  from  tide  water.  The  mineral  deposits  are  all  found  in  the 
schist  series  adjacent  to  the  Coast  Range  intrusive  belt  to  the  east. 
Their  general  trend  is  northwest  and  the  dip  northeast.  Narrow 
granitic  belts  and  porphyritic  dikes,  probably  offshoots  from  the  main 
belt,  intersect  this  schist  series  at  very  oblique  angles,  and  probably 
have  had  considerable  influence  upon  the  deposition  of  the  ore.     In 
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the  vicinity  of  the  porphyry  dikes  and  along  their  contacts  are  ledges 
of  massive  galena  and  chalcopyrite,  usually  parallel  with  the  schis- 
tosity  of  the  formation.  The  principal  deposit  of  Glacier  basin  is 
found  between  two  porphyry  dikes  striking  N.  30°  W.  and  dipping 
northeast  at  an  angle  of  45°.  Two  tunnels  50  feet  in  length  expose 
the  ore  body,  which  is  about  20  feet  in  width.  The  principal  mineral 
is  concentrated  along  the  foot  wall.  The  ore  is  reported  to  carry 
values  in  silver,  lead,  and  copper. 

On  the  Margery  claims,  below  the  basin,  the  deposits  are  essentially 
galena  ores,  occurring  in  stringers  1  foot  to  5  feet  in  width,  which 
follow  a  definite  zone  parallel  with  the  schist.  This  vein  system  has 
been  opened  at  an  elevation  of  1,500  feet  above  sea  level  by  a  tunnel 
40  feet  in  length.  Farther  northeast  on  the  same  claim  is  an  open  cut 
exposing  a  12-foot  ledge  which  is  rich  in  galena  and  which  has  been 
traced  several  hundred  feet  along  its  strike.  Assays  from  this  are 
reported  to  be  high  in  silver  and  gold  as  well  as  in  lead.  The  ores  are 
galena,  sphalerite,  chalcopyrite,  native  silver,  cerrussite,  and  limonite. 

The  u Ground  Hog1'  basin  claims,  4  miles  north  of  the  Margery 
claim  have  been  developed  to  some  extent  during  the  year  and  show 
favorable  assa}^  returns.  The  ledge  is  over  6  feet  in  width  and  not 
unlike  the  ledges  of  Glacier  basin. 

Bradjield  Canal. — On  Ham  Island,  at  the  north  entrance,  to  Brad- 
ield  Canal,  is  a  deposit  of  a  blue,  coarsely  crystalline  marble.  This  is 
'avorably  situated  and  the  marble  is  of  good  quality,  containing  few 
ointing  cracks.  The  exposure  is  50  feet  high  and  100  feet  long. 
Tests  of  this  rock  have  been  made,  and  it  is  reported  to  be  suitable  for 
milding  as  well  as  ornamental  purposes. 

KETCHIKAN    MINING    DISTRICT. 

Two  weeks  were  occupied  in  making  a  hasty  visit  to  important  min- 
ng  localities  of  this  region,  which  had  been  studied  in  1901  by  Mr. 
Brooks. a  This  examination  was  deemed  necessary,  owing  to  the 
mange  in  economic  conditions  and  to  the  rapid  developments  in  progress 
it  some  of  the  mines. 

From  the  present  investigation  copper  appears  to  be  the  most 
rnportant  metal  of  this  district.  Gold  and  silver  values  are  next  in 
onsequence,  both  separately  and  in  connection  with  the  copper  ores. 
)ther  metals,  such  as  lead,  zinc,  and  nickel,  are  found,  but  will  be 
>e  mined,  if  at  all,  only  as  by-products. 

COPPER. 

The  occurrence  of  this  metal  is  chiefly  confined  to  Prince  of  Wales 
sland,  which  forms  the  western  half  of  the  Ketchikan  district.  The 
>ed  rocks  of  the  island  are  argillites  and  white  limestones,  closely  asso- 

aBrooks,  A.  H.,  The  Ketchikan  mining  district,  Alaska :  Prof.  Paper  U.  S.  Geol.  Survey  No.  1. 
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dated  with  greenstones.     As  the  result  of  general  metamorphism  the 
limestones  have  been  changed  to  marble,  the  greenstones  to  schists, 
and  the  argillites  to  crystalline  schists  and  graphitic  shales.     Intrud- 
ing these  older  strata  are  masses  of  quartz-diorite  occurring  as  stocks   \ 
miles  in  width,  together  with  dikes  and  small  areas  composed  of  a  I 
more  basic  rock.     On  the  east  side  of  the  island  from  Cholmondeley 
Sound  northward,  including  Kasaan  Peninsula  and  the  west  side  of  1 
Cleveland  Peninsula,  the  Kasaan  greenstone  forms  the  country  rock,    i 
This,  as  described  by  Mr.  Brooks, a  is  believed  to  be  largely  effusive  ] 
and  later  than  the  bed-rock  series.     It  is  of  economic  interest  because   i 
of  its  association  with  the  copper  ores  on  Kasaan  Peninsula  and  in  the   j 
Skowl  Arm  region. 

Niblack  Anchorage. — Niblack  Harbor  forms  an  indentation  in  the  I 
southeast  shore  of  Prince  of  Wales  Island,  and  is  36  miles  by  water  j 
from  Ketchikan.  The  mountains  rise  with  steep  ascent  from  the  ] 
water's  edge  to  peaks  2,000  to  3,000  feet  in  elevation.  Greenstone  is  I 
the  countiy  rock  in  the  vicinity  of  the  mines,  but  this,  in  places,  has 
been  altered  to  sericite,  chlorite,  and  amphibole-schists.  These  original  j 
greenstones  are  intrusive  into  the  older  sedimentary  rocks,  which  occur  I 
farther  north  and  south  but  do  not  outcrop  in  this  harbor.  At  a  dis-  I 
tance  of  2  miles  on  the  slopes  to  the  north  of  Niblack  Anchorage  is  an  I 
intrusive  dioritic  stock,  a  mile  or  more  in  width,  and  of  later  date  than  j 
the  greenstone.  A  similar  intrusive  mass  occurs  to  the  south  along  | 
the  north  shore  of  Moria  Sound.  The  relation  of  the  copper  deposits  j 
to  these  distant  dioritic  stocks  was  not  determined,  though  it  is  possible  j 
that  they  owe  their  genesis  to  the  after  action  of  the  dioritic  invasion.  j 

The  ore  bodies  occur  both  as  small  and  irregular  veins  and  as  min-  I 
eralized  zones.  Though  the  veins  are  rich  in  values,  they  will  never  I 
be  of  as  great  importance  as  the  extensive  mineralized  zones.  Chal-  1 
copyrite,  with  pyrite  and  pyrrhotite,  carrying  gold  values,  are  the  I 
principal  ores. 

Developments  during  the  past  two  years  have  been  confined  to  i 
ore  bodies  exposed  on  the  Judge  claim,  which  lies  close  to  tidewater  I 
at  the  head  of  Niblack  Anchorage.  On  the  original  locations  of  the  I 
Lookout  Group,  situated  at  an  elevation  of  1,500  feet,  on  the  south  j 
slope  of  Niblack  Anchorage,  only  the  annual  assessment  work  is  being  I 
clone.  The  deposits  at  the  Judge  claim  are  large  lenticular  masses  I 
from  10  to  100  feet  in  width  and  100  to  several  hundred  feet  in  length  i 
and  depth.  These  are  separated  by  unmineralized  belts  of  greenstone- 1 
schist.  The  ore — essentially  a  massive  sulphide  of  p3'rite  and  chalco-  I 
pyrite — occurs  in  a  matrix  of  altered  greenstone,  and  appears  to  fill  J 
sheared  zones,  as  both  masses  and  fragments  of  the  greenstone  occur,  I 
completely  surrounded  by  the  mineral.     Small  veinlets  of  sulphide, 
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ssociated  with  quartz,  occur  in  parts  of  the  workings  and  form  what 
i  locally  termed  a  jasper  ore. 

The  developments  at  Niblack  anchorage  at  the  time  of  the  writer's 
isit  consisted  of  an  inclined  shaft  180  feet  deep  and,  leading  from 
lis  at  three  different  levels,  660  feet  of  drifting  and  crosscutting. 
The  ore  is  said  to  carry  5  per  cent  copper  and  $L.50  to  $2  in  gold 
alues.  Concentration  of  this  ore  would  not  be  practicable  owing  to 
s  massive  state  and  the  high  percentage  of  valueless  iron  pyrite, 
hich  can  not  be  separated  from  it  except  by  smelting  or  some  pro- 
Iss  of  solution  and  reprecipitation.  The  mine  is  most  favorably 
tuated  and  the  ore  from  the  shaft  may  be  transported  in  cars  directly 
)  scows  or  barges  for  shipment  to  the  smelters.  A  water-power  at 
le  head  of  the  anchorage  is  controlled  by  the  company  and  can  be 
sed  to  develop  enough  electric  power  for  mining  purposes. 
Kasaan  Peninsula. — On  the  northeast  side  of  Kasaan  Peninsula  is  a 
roup  of  seven  claims,  the  property  of  the  Brown  Alaska  Company, 
his  is  one  of  the  recent  discoveries  in  the  vicinity  of  Ketchikan  and 
by  far  the  most  extensively  developed,  especially  in  regard  to 
irface  equipment.  The  country  rock  near  Hadley,  as  well  as  of  the 
reater  part  of  the  peninsula,  is  composed  of  the  Kasaan  greenstone 
ith  occasional  intervening  beds  of  much  wrinkled  limestone  altered 
marble.  .  Interstratified  in  the  limestones  are  beds  of  magnetite, 
!ten  carrying  chalcopyrite.  Dikes  of  felsite  and  more  basic  rocks 
e  intruded  into  both  the  greenstone  and  sedimentary  beds.  The 
Ineral  trend  of  the  sedimentaries  is  north-south,  and  the  dip  is  to  the 
est.  The  deposits  form  irregular  lenses  generally  concordant  with 
Le  dip  and  strike  of  the  formations,  and  seven  such  masses  have  thus 
r  been  discovered,  varying  from  100  to  150  feet  in  length  and  20  to 
I  feet  in  width.  The  ore,  essentially  chalcopyrite,  is  said  to  contain 
5  to  4.5  per  cent  copper,  with  $1  to  $2  in  gold  values.  The  peculiar 
^currence  of  these  copper  deposits  and  the  intimate  relation  of  the 
trusives  and  magnetite  beds  to  the  ore  bodies  will  be  treated  in 
>tail  in  the  more  extended  report. 

Considerable  underground  development  of  the  ore  bodies  has  been 
complished.  Two  shafts  -10  and  80  feet  deep,  and  three  tunnels  from 
'0  to  200  feet  in  length,  with  many  drift  tunnels,  expose  the  deposits 
various  elevations.  On  the  surface  a  500-ton  smelter  has  been 
ected,  also  a  large  compressor  plant  and  various  other  necessities  for 
e  economical  extraction  of  ore. 

On  the  southwest  side  of  the  peninsula  is  the  Mount  Andrew  group 
claims  on  copper  deposits,  which  have  the  same  manner  of  occurrence 
the  deposits  last  described.  A  tunnel  800  feet  in  length  has  been 
iven,  but  no  work  was  in  progress  this  season.  The  value  of  the 
e,  chiefly  chalcopyrite  and  magnetite,  is  said  to  be  li  per  cent  in 
pper  and  §1  to  $3  in  gold. 
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Retta  Inlet. — The  Copper  Mountain-Sulzer  properties  are  on  the 
south  side  of  Hetta  Inlet,  a  deep  indentation  in  the  southwest  coast  of 
Prince  of  Wales  Island.  The  ore  occurrences  in  this  area,  though 
rather  widely  scattered,  are  all  of  copper,  with  a  few  dollars  per  ton 
in  gold  values,  and  are  remarkably  similar  in  character.  The  ores 
are  found  principally  along  the  contacts  of  a  limestone,  with  either 
granite  belts  or  diabase  dikes.  The  original  ores  are  principally  chad 
copyrite,  pyrite,  pyrrhotite,  and  magnetite,  with  quartz,  calcite,  gar- 
net, and  epidote,  as  gangue  minerals.  In  many  of  the  deposits  surface 
oxidation  has  altered  the  sulphides  to  a  considerable  depth  and  formed 
carbonate  and  oxide  ores. 

Alaska  Copper  Company.— At  the  Alaska  Copper  Company's  prop- 
erty, on  the  south  slope  of  Copper  Mountain,  development  follows  a  con- 
tact of  granite  with  limestone  and  shows  the  usual  contact  phenomena. 
This  ledge,  known  as  the  "New  York,"  is  located  at  an  elevation  ofj 
3,300  feet  near  the  summit  of  a  steep  mountain  slope,  and  is  exposed 
by  large  open  cuts  and  short  tunnels.  At  2,400  feet  elevation  a  tun- 
nel, already  1,400  feet  in  length,  is  being  driven  to  undercut  the  ledge 
below  the  surface  workings,  and  this  purpose  was  almost  accomplished 
at  the  time  the  property  was  visited.  A  few  thousand  feet  east  of 
the  New  York  ledge  is  the  Oregon  ledge,  which  is  over  a  hundred 
feet  in  width,  but  of  lower-grade  ore.  This  has  not  as  yet  been  devel- 
oped. The  extent  and  final  average  value  of  the  ore  can  not  be  deter- 
mined from  the  present  indications.  However,  the  surface  showings 
appear  to  justify  a  continuation  of  the  proposed  developments.  A 
250-ton  smelter  has  just  been  completed,  a  water-power  plant  sufficient] 
for  all  purposes  has  been  built,  besides  a  5,000-foot-cable  tram  from 
the  uppermost  workings  to  the  smelter. 

Alaska  Industrial  Company. — Two  large  groups  of  claims  are  being 
developed  Iry  the  Alaska  Industrial  Company,  namely,  the  Jumbo 
group  of  29  patented  claims,  on  the  north  slope  of  Copper  Mountain, 
and  the  Green  Monster  group,  6  miles  east  of  Copper  Mountain.  On 
each  of  the  above  groups  several  copper-bearing  ledges  have  been 
exposed  by  tunnels  and  open  cuts,  and  on  some  there  are  large  surface 
exposures  of  rich  chalcopyrite  ore.  On  the  Jumbo  claims  diabase  ana 
limestone  are  in  most  cases  the  inclosing  rock.  At  the  Green  Mon- 
ster group  the  deposits  are  more  often  at  or  near  the  granite  limestone 
contact.  As  yet  neither  mining  nor  water-power  plants  have  beer] 
built,  though  these  will  probably  follow  when  further  mine  develop- 
ments bring  to  view  sufficiently  large  ore  deposits  to  warrant  such 
construction. 

COLD. 

Though  gold  is  not  extensively  mined  in  the  region  under  discussion 
it  has  been  sought  in  many  localities.  Work  beyond  the  annual  assess 
ment  requirements  has  been  done  only  at  Dolomi,  on  the  southeast  side 


WRIGHT  A 
WRIGHT 


ND]     DEVELOPMENTS    IN    SOUTHEASTERN    ALASKA.  65 


of  Prince  of  Wales  Island;  at  Hollis,  on  the  northwest  side  of  Twelve 
Mile  Arm  and  in  the  central  part  of  the  island;  at  the  Hoadley  Brothers' 
claims,  2  miles  north  of  Ketchikan;  at  Thorn  Arm,  on  Revillagigedo 
Island;  at  Miller's  camp,  on  the  east  shore  of  Gravina  Island,  and  on 
the  southeast  side  of  Dall  Island.  During  the  past  summer  operations 
were  in  progress  on  all  of  the  above  excepting  the  Sealevel  mine  at 
Thorn  Arm,  and  the  proposed  future  developments  will  probably  cause 
these  properties  to  rank  as  good  gold  producers.  Besides  the  eventual 
gold  production  from  the  quartz  ledges  considerable  copper  will  also 
be  obtained  from  the  above-described  mines. 

Dolomi. — In  the  vicinity  of  the  town  of  Dolomi,  which  is  on  John- 
sons Inlet,  36  miles  west  of  Ketchikan,  nearly  a  hundred  locations 
have  been  made,  but  investigations  have  been  confined  principally  to 
the  Valparaiso,  the  Amazon,  and  the  Golden  Fleece  claims. 

The  ore  deposit  at  the  Valparaiso  consists  of  a  quartz  ledge  6  to  8 
feet  in  width,  occurring  in  a  crystalline  limestone  country  rock.  A 
concentration  of  the  gold  values  has  taken  place  along  pay  streaks  on 
the  foot  wall  of  the  ledge  and  from  this  rich  portion  considerable  ore, 
averaging  $200  to  $250  per  ton  in  gold  and  silver  values,  has  been 
been  recovered.  The  minerals  are  principally  free  gold,  tetrahedrite 
and  pyrite,  with  quartz  and  calcite  as  gangue.  Three  inclined  shafts 
100,  80,  and  35  feet  in  depth  and  a  few  hundred  feet  of  drifting  and 
stoping  expose  the  ledge  at  different  points  along  its  strike.  The  ore 
is  well  adapted  for  concentration,  and  when  a  mill  is  installed  good 
returns  may  be  anticipated  across  the  entire  width  of  the  ledge. 

The  quartz  deposit  at  the  Amazon  claim  is  composed  of  ore  of  some- 
what lower  grade,  but  the  gold  values  are  apparently  uniformly  dis- 
tributed. Its  width  varies  from  10  feet  at  the  surface  to  1  foot  at  the 
bottom  of  a  shaft  123  feet  in  depth.  A  calcareous  schist,  in  places 
brecciated  with  quartz  as  the  binding  material,  forms  the  inclosing 
rock.  Developments  on  this  relatively  recent  discovery  give  very 
encouraging  results,  and  the  ore  value  is  reported  to  vary  from  $15 
to  $30  in  gold. 

The  most  extensively  developed  property  is  the  Golden  Fleece  mine, 
located  on  James  Lake,  2  miles  from  tide  water,  and  connected  with 
the  wharf  by  a  well-graded  tramway.  The  quartz  deposits  here  also 
have  a  dolomitic  limestone  as  country  rock,  which  is  cut  by  many 
jsmall  diabase  dikes.  A  peculiar  and  advantageous  feature  of  this 
[mine  is  the  occurrence  of  several  limestone  caverns  which  apparently 
ifollow  the  mineral  deposits.  The  quartz  bodies  are  irregular  lenses, 
[slightly  cutting  the  bedding  planes  and  varying  from  a  fraction  of  a 
Boot  to  8  feet  or  more  in  width.  The  dip  is  to  the  southeast  at  an 
jangle  of  about  40°.  On  the  main  ledge  developments  consist  of  two 
iJ200-foot  tunnels  which  connect  with,  many  of   the  above-mentioned 
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caverns.  On  another  near-by  ledge  a  shaft  has  been  sunk  to  a  depth 
of  80  feet.  The  present  5-stamp  mill  is  to  be  enlarged  to  a  15-stamp 
mill  during  the  winter. 

Hull  is. — The  bed  rock  in  this  vicinity  is  composed  mainly  of  crystal- 
line limestones  and  carbonaceous  slates  with  intercalated  sills  of  green-  I 
stone,  both  massive  and  in  part  altered  to  chlorite  or  amphibole- schists. 
Parallel  to  and  slightly  cross-cutting  the  slates  are  dikes  of  a  bluish- 
gray  porphyritic  rock,  in  or  near  which  the  ore  deposits  occur  as  true 
fissure  veins. 

The  properties  which  have  received  the  most  attention  are  the  Puy- 
allup  group,  li  miles  west  of  the  bay,  and  the  Crackerjack  mine 
with  its  southeastern  extension,  the  Hollis  claim,  2  miles  west  of  Hollis. 

The  first  mentioned,  the  Puyallup  claim,  consists  of  a  rich  quartz-  1 
filled  fissure,  from  4  inches  to  2  feet  in  width,  cutting  diorite-porphyry  I 
country  rock.  This  has  been  developed  by  two  tunnels,  the  lower  one  I 
1,135  feet  long,  the  upper  220  feet  long.  At  the  end  of  the  longer  I 
tunnel  the  vein  has  been  lost  and  has  not  as  yet  been  rediscovered.  J 
On  the  property  a  5-stamp  mill  treats  the  ore,  and  85  per  cent  of  the  j 
gold  is  found  to  be  free  milling. 

The  vein  which  is  worked  on  the  Crackerjack  claim  lies  principally 
along  the  upper  contact  of  a  porphyry  dike  cutting  the  schist,  though 
in  places  it  enters  the  porphyry.     The  slate  is  more  or  less  graphitic  . 
and  finely  bedded.     It  strikes  N.  25°  W.  and  dips  southwestward  at  1 
an  angle  of  35°.     The  porphyry  dike  is  in  the  main  parallel  with  the  I 
bedding  of  the  formation,  and  varies  from  2  to  20  feet  in  width.     It 
is  said  that  this  ledge,  which  varies  from  1  foot  to  5  feet  in  width,  J 
maybe  traced  on  the  surface  for  more  than  3  miles.     The  values,! 
chiefly  free  gold  with  pyrite,  are  found  in  ore  shoots  parallel  to  the 
dip  of  the  ledge.     The  deposit  has  been  opened  by  an  800-foot  tunnel 
at  an  elevation  of  800  feet  above  tide  water,  and  a  second  tunnel  of  1 
about   one-half   that   length.     An  average  value  of  $15   per  ton  is 
reported.     On  the  extension  claims  above  this  are  two  tunnels,  one  I 
120  feet  and  another,  at  an  elevation  of  1,450  feet,  400  feet  in  length.  1 
In  each  of  these  the  conditions  of   occurrence  are  similar  to  those  j 
above  mentioned,  and  the  character  of  the  veins  is  very  uniform. 

About  7  miles  northwest  of  Hollis  are  located  the  Commander  group,  ] 
Flora  Nellie,  Dew  Drop,  Red  Jacket,  Summit,  and  Rose  claims,  which  I 
are  still  in  the  prospecting  stage.  The  quartz  ledges  here  average  I 
from  2  to  4  feet  in  width,  and  are  quartz-filled  fissures  following  slip- 1 
ping  planes  in  a  porphyry  dike  which  in  places  has  been  rendered! 
schistose.  Ore  from  the  various  tunnels,  essentially  galena,  pyritej  J 
and  chalcopyrite,  is  reported  to  average  from  $25  to  $50  per  ton,  and 
with  more  favorable  transportation  facilities  these  properties  may 
make  profitable  mines. 
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The  Cascade  mine  is  located  about  3£  miles  west  of  Hollis.  The 
ledge  averages  2  feet  in  width  and  occurs  as  a  tilling  along  a  slipping 
plane  in  an  altered  basic  eruptive  rock.  The  chief  development  work 
consists  in  two  tunnels  50  and  240  feet  in  length.  The  average  value 
of  the  ledge  has  not  been  determined  as  yet.  Visible  gold  is  not 
uncommon. 

Gravina  Island. — Miller's  camp,  the  only  prospect  on  the  island 
which  has  been  developed  considerably,  lies  on  the  east  side  of  Gravina 
Island,  about  4  miles  from  Ketchikan.  The  formation  consists  largely 
of  schists  of  various  types  with  a  northwesterly  strike  and  a  north- 
easterly dip.  Certain  bands  of  the  series,  5  to  10  feet  in  width,  are 
heavily  mineralized  with  sulphides  and  constitute  the  ore  bodies.  Two 
of  these  bands  have  been  discovered  and  prospected  by  shafts  50  feet 
deep.  The  gold  value  is  reported  to  average  $10  to  $15  per  ton.  Sur- 
face improvements  consist  of  a  5-stamp  mill  and  mine  house.  In  both 
shafts  a  highly  altered  basic  intrusive  dike  has  been  found  crosscutting 
the  formation  obliquely.  The  present  outlook  seems  to  warrant 
greater  developments. 

The  Hoadley  Brothers'  claims  are  located  2  miles  north  of  Ketchikan 
md  one-fourth  mile  from  tidewater.  The  veins,  although  narrow, 
Dccur  usually  within  a  syenite  dike,  intrusive  into  the  schist  country 
rock.  Two  different  sets  of  veins  can  be  distinguished,  the  younger 
)f  which  is  remarkable  for  its  hig-h  gold  content. 

Dall  Island. — On  the  east  side  of  Dall  Island,  2  miles  from  the  south 
3nd,  are  the  recently  located  Elk  and  Virginia  groups  of  claims.  These 
ire  on  four  different  quartz  ledges,  which  vary  from  5  to  30  feet  in 
vidth  and  occur  in  both  limestone  and  slate.  The  gold  values  are 
issociated  with  chalcopyrite  and  galena  and  ore  assays  varying  from 
i>10  to  $50  are  reported.  This  property  has  been  worked  during  the 
oast  summer  and  the  developments  will  continue  throughout  the 
ivinter. 

The  Mount  Vista  group,  in  the  central  part  of  the  east  shore  of  Dall 
island,  is  located  on  a  mineral  belt  in  limestone  and  consists  of  numer- 
ous stringers  and  small  masses  of  a  tetrahedrite  ore  carrying  high 
Values  in  gold  and  silver.  This  property  is  being  opened  by  several 
|mall  tunnels  and  the  ore  exposed  is  said  to  assay  well. 
I  Revillagigedo  Island. — The  "Sealevel"  mine,  located  at  the  head  of 

home  Arm,  was  largely  worked  during  1900  and  again  in  1902-3,  but 
ince  the  summer  of  1903  all  operations  have  ceased.  Since  Mr.  A.  H. 
Brooks's  visit  to  this  property  in  1901  a  30-stamp  mill  has  been  erected 
nd  a  water-power  plant  built.  Most  of  the  ore  between  the  surface 
nd  the  lower  level  has  been  stoped  out  and  milled,  and  probably 
wing  to  the  lack  of  sufficient  ore  to  supply  the  30-stamp  mill  and  the 
ostly  method  of  handling  the  ore,  mining  was  discontinued.     The  ore 
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deposits  comprise  two  quartz-filled  fissures  which  are  in  part  inclosed 
in  a  porphyritic  dike;  but  at  the  north  end  of  the  claim  these  leave 
the  porphyry  and  enter  a  greenstone-schist  which  here  forms  the 
country  rock.  The  ledges  are  about  15  feet  apart,  average  from  2  to 
6  feet  in  width,  and  have  been  traced  over  2,000  feet  along  the  surface. 
The  ore  is  reported  to  carry  $6  in  gold  per  ton. 

Other  prospects. — In  the  vicinity  of  Ketchikan  and  on  Gravina 
Island  are  many  other  prospects  more  or  less  developed,  and  some  with 
favorable  ore  exposures.  A  discussion  of  these,  however,  is  not  pos- 
sible in  this  brief  summary. 

MARBLE. 

During  the  last  few  years  much  attention  has  been  paid  to  the  mar- 
ble deposits  on  the  Prince  of  Wales  Island.  The  largest  of  these  is 
located  close  to  tide  water,  3  miles  from  Shakan  on  the  northwest  side 
of  the  island.  The  deposit  has  been  developed  by  several  open  cuts, 
which  expose  a  white,  finely  crystalline  marble.  Jointing  planes  and 
cracks  are  reported  to  occur  in  this  rock  which  will  prevent  the  mining 
of  large  slabs  or  columns,  though  its  favorable  location  will  probably 
make  the  deposit  of  value  for  building  stones. 

At  the  head  of  North  Arm,  west  of  Dolomi,  on  the  east  side  of 
Prince  of  Wales  Island  several  claims  have  been  located  on  a  marble 
deposit  similar  in  character  to  the  Shakan  deposit.  It  is  exposed  for 
a  moderately  large  width  and  the  marble  is  reported  to  be  of  good 
quality. 


THE  TREADWELL  ORE  DEPOSITS/'  DOUGLAS  ISLAND. 


By  Arthur  C.  Spencer. 


INTRODUCTION. 

Douglas  Island,  one  of  the  smaller  islands  of  the  Alexander  Arehi- 
)elago,  is  separated  from  the  mainland  of  southeastern  Alaska  by  a 
larrow  fiord  known  as  Gastineau  Channel.  The  four  mines  of  the 
rreadwell  group  are  located  near  its  inland  shore,  and  the  towns  of 
Douglas  and  Tread  well  owe  their  2,000  inhabitants  to  the  mining 
>perations,  while  Juneau,  with  somewhat  greater  population,  lies  on 
he  adjacent  mainland,  about  2£  miles  northwest  of  Treadwell.  The 
listance  by  steamer  from  Seattle,  Wash.,  to  Juneau  slightly  exceeds 
)00  miles,  while  SkagwTay,  the  terminus  of  the  Yukon  and  White  Pass 
Railroad,  lies  95  miles  to  the  northwest,  and  Sitka  about  the  same  dis- 
ance  in  a  southwesterly  direction. 

The  most  southeasterly  mine,  the  Ready  Bullion,  is  3,000  feet  from 
he  nearest  workings  of  the  Alaska-Mexican  mine,  and  the  intervening 
ground  is  supposed  to  be  practically  barren.  The  workings  of  the 
Viexican  mine  extend,  however,  almost  to  those  of  the  Seven  Hundred 
?oot  property,  and  the  latter  connect  at  several  levels  with  the  tunnels 
)f  the  Alaska-Treadwell  mine.  There  is  thus  an  almost  continuously 
leveloped  ore  body  for  a  distance  of  about  3,500  feet.  Although  the 
workings  have  revealed  several  separate  ore  bodies,  and  certain  dis- 
inctions  are  made  in  the  character  and  occurrence  of  the  ores,  the 
nines  are  all  located  on  the  same  lead,  and  the  ore  material  is  practically 
)f  one  nature  and  of  identical  origin  throughout.  As  a  whole,  there- 
:ore,  the  deposits  may  be  conveniently  designated  by  the  name  of  the 
irst  discovered  and  largest  mine. 

GEOLOGY  OF  THE  REGION. 

The  geology  of  the  Juneau  region  and  of  southeastern  Alaska  as  a 
vhole  resembles,  in  many  ways,  that  of  the  gold  belt  of  California, 
rhe  rocks  of  both  regions  are  in  large  part  of  identical  character,  and 
|ome  of  them  correspond  in  age  and  in  the  nature  of  their  metamor- 
)hism.     There  is  also  a  marked  similarity  in  the  occurrence  of  the 

aThis  paper,  with  a  more  extended  account  of  the  geological  features  of  the  region,  was  printed  in 
he  Transactions  of  American  Institute  of  Mining  Engineers,  Lake  Superior  Meeting,  Oct.,  1904. 

69 


70  ALASKAN    MINERAL    RESOURCES    IN    1904.  [bull.  259. 

gold  veins  and  in  the  general  effects  of  mineralization,  and  some  of 
the  broader  facts  suggest  that  the  dates  of  vein  and  ore  deposition 
also  correspond  closely,  though  more  extended  and  further  detailed 
studies  must  be  made  before  definite  proof  of  this  can  be  obtained. 

The  formations  of  the  mainland  may  be  thrown  into  three  lithologic 
groups,  which  are  distributed  in  parallel  zones  following  the  general 
trend  of  the  coast.  Two  of  these  groups,  the  schists  and  the  slate- 
greenstone  band,  are  mainly  metamorphosed  sediments,  although  the 
greenstone  beds  represent  ancient  volcanic  flows  of  andesite  and 
basalt.  The  third  group  is  composed  of  the  great  complex  of  intru- 
sive granular  rocks,  mostly  dioritic,  which  form  the  mass  of  the  Coast 
Range.  The  general  structure  of  the  region  is  monoclinal,  strikes 
being  usually  northwest  and  southeast  and  dips  always  toward  the 
northeast. 

Very  general  mineralization  has  taken  place  since  the  diorite-intru- 
sions,  the  age  of  which  has  recently  been  determined  as  later  than 
early  Cretaceous.  a 

THE  ORE  BODIES. 
GENERAL   FEATURES. 

The  ore  bodies  consist  mainly  of  mineralized  albite-diorite  occurring 
in  the  form  of  intrusive  dikes  in  black  slates,  the  structure  of  which 
they  closely  follow.  These  slates  are  metamorphosed  shales  in  which 
both  original  bedding  and  slaty  structure  strike  northwest  and  south- 
east  (fig.  1)  and  dip  about  50°  on  the  average  toward  the  northeast.  The: 
ore-bearing  dikes  belong  to  a  series  of  intrusions  which  appear  inter- 1 
ruptedly  along  the  strike  for  a  distance  of  about  3  miles  in  a  zone] 
approximately  3,000  feet  wide.  In  the  greater  part  of  the  intruded! 
area  exposures  are  few,  and  only  small  dikes  outcrop  on  the  side! 
toward  the  center  of  the  island.  On  this  side  the  zone  seems  to  be] 
irregularly  limited,  but  next  to  the  shore  of  Gastineau  Channel  the; 
border  is  defined  by  a  heavy  bed  of  greenstone  running  parallel  with 
the  slates  and  the  intrusive  dikes  and  dipping  with  them  toward  the 
adjacent  channel.  The  mineralized  dikes  that  constitute  the  knownj 
minable  ore  occur  just  beneath  this  greenstone,  which  thus  constitutes] 
the  hanging  wall  both  of  the  intrusion  zone  and  of  the  ore  bodies.] 
Many  of  the  dikes  of  albite-diorite  away  from  the  hanging  wall  have] 
been  greatly  altered  and  impregnated  with  pyrite,  but  workable  ore] 
bodies  have  not  }^et  been  discovered  in  them. 

The  strike  of  the  different  rocks  is  regular  in  the  main,  and,  being 
slightly  oblique  to  the  channel,  the  outcrops  of  the  ore  bodies  recede] 
from  the  shore  toward  the  northwest.     The  base  of  the  greenstone 

"During  the  summer  of  1904  Mr.  C.  W.  Wright  found  Lower  Cretaceous  strata  on  Admiralty  Island 
infolded  with  slates  and  greenstones  belonging  to  the  same  belt  as  those  of  Douglas  Island.  The 
diorites,  which  invade  the  slate-greenstone  group  of  rocks,  are  either  younger  or  of  the  same  date  asl 
the  folding  and  are  therefore  younger  than  the  Lower  Cretaceous  beds. 
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hanging  wall  strikes  the  shore  of  the  island  about  1  mile  below  the 
Ready  Bullion  mine,  at  first  running  inland  and  then  back  to  a  point 
below  high  water  just  below  where  the  southernmost  body  of  diorite  is 
exposed  in  the  open  pits  of  the  Ready  Bullion  mine.  Reappearing 
within  a  few  hundred  feet,  it  bends  sharply  and  is  next  exposed  in  the 
southeast  pits  of  the  Mexican  mine.  From  this  point  it  is  traceable 
in  a  nearly  straight  line  through  the  Seven  Hundred  Foot  and  Tread- 
well  workings  and  for  a  distance  of  several  miles  beyond. 

In  the  vicinity  of  the  mines  there  are  no  dikes  of  diorite  on  the 
channel  side  of  the  greenstone,  but  about  1  mile  to  the  northwest  two 
croppings  have  been  noted,  and  Juneau  Island,  in  Gastineau  Channel 
about  2,000  feet  from  the  foot  wall,  is  composed  of  similar  rock,  which 
is  somewhat  impregnated  with  pyrite. 


Fig.  1. — Sketch  map  showing  geology  near  Tread  well  mines. 

Besides  the  mineralization  of  the  igneous  dikes,  the  black  slates  of 
the  same  general  belt  on  both  sides  of  the  greenstone  band  contain 
occasional  veins  and  systems  of  quartz  stringers  following  the  struc- 
ture. Veining  of  this  sort  has  been  particularly  noted  along  the  foot 
wall  of  the  Treadwell  greenstone  for  a  distance  of  several  miles  beyond 
the  mines.  Assays  of  about  $6  per  ton  in  value  have  been  obtained  in 
some  places,  but  there  has  been  no  systematic  attempt  to  develop  these 
stringer  leads,  and  their  value  is  doubtful. 

The  rocks  occurring  in  and  near  the  mines,  which  will  now  be 
described  in  greater  detail,  are  the  following:  The  greenstone  hanging 
wall;  the  slate  country  rock,  inclosing  both  greenstone  and  ore  bodies; 
the  dikes  and  lenticular  masses  of  diorite,  some  of  which  constitute 
the  ore;  and  a  few  small  dikes  of  basalt. 
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GREENSTONE. 

The  hanging-wall  greenstone  forms  a  prominent  bed  or  stratum 
about  300  feet  in  thickness  where  measured  in  the  mines,  but  varying 
somewhat  from  this  figure  in  different  parts  of  its  outcrop.  So  far 
as  can  be  determined,  it  follows  the  structure  of  the  slates,  striking 
with  them  from  southeast  to  northwest,  and  dipping  northeast  toward 
the  near-by  channel,  beneath  which  it  has  been  followed  to  a  depth 
of  about  900  feet  in  the  lowest  workings.  The  outcrop  is  practically 
continuous  for  4  miles  northward  from  where  the  greenstone  first 
appears  on  the  shore  of  Douglas  Island.  Then  the  bed  thins  out  and 
is  wanting  for  a  few  hundred  feet,  but  it  soon  reappears  and  may  be 
followed  for  an  additional  2  miles,  until  it  is  lost  beneath  a  heavy 
covering  of  vegetation. 

As  a  rule,  the  rock  is  greatly  altered,  and  in  places  it  is  even  schis- 
tose or  slaty,  but  portions  are  sufficiently  unchanged  to  indicate  the 
original  composition  and  structure.  In  the  vicinity  of  the  Ready  Bul- 
lion mine  the  rock  is  granular,  consisting  mainly  of  coarsely  crystal^ 
lized  hornblende,  though  it  contains  a  great  deal  of  magnetite  and 
some  pyrite.  A  specimen  from  the  Mexican  workings,  which  might 
be  called  andesite,  contains  porphyritic  crystals  of  plagioclase  and 
augite  in  a  decomposed  groundmass,  which  seems  to  have  consisted 
largely  of  small  prismatic  feldspar  crystals.  The  secondary  minerals 
are  chlorite,  epidote,  serpentine,  and  calcite.  Beyond  the  workings 
toward  the  northwest  the  greenstone  is  a  fine-grained  diabase. 

The  greenstone  was  called  gabbro  by  Becker,  who  regarded  it  as 
later  than  the  rock  of  the  ore  bodies,  but  there  is  now  sufficient  evi- 
dence to  establish  the  opposite  age  relation,  and  reasons  exist  for 
doubting  its  intrusive  nature.  The  inclusions  of  light-colored  rock 
fragments  in  the  greenstone,  which  form  the  basis  of  Becker's  conclu- 
sions, are  represented  in  his  collection  by  a  specimen  and  a  thin  sec- 
tion, showing  a  distinctly  outlined  fragment  of  grayish  granitoid  rock 
inclosed  in  greenstone;  but  the  diagnostic  value  of  this  occurrence  is 
open  to  doubt,  since  at  several  points  in  the  region  pebbles  and  frag- 
ments of  similar  material  occur  in  the  volcanic  greenstone  breccias  at 
different  horizons  in  the  series  of  interbedded  slates  and  greenstones, 
showing  the  existence  of  an  available  source  of  granitoid  material 
prior  to  the  deposition  of  the  slates  and  the  outpouring  of  the  con- 
temporaneous lavas. 

In  the  open  pits  of  the  Seven- Hundred  Foot  and  Mexican  mines 
the  exposed  lower  part  of  the  greenstone  bed  is  very  schistose,  and 
this  slaty  rock  forms  both  walls  of  the  ore  body.  Between  the  ore 
and  the  black  slate  usually  forming  the  foot  wall  there  is  a  plate  or 
layer  of  chloritic  schist  of  somewhat  variable  thickness,  evidently 
identical  with  the  schistose  or  slaty  greenstone  of  the  immediate  hang- 
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ing  wall,  and  the  latter  grades  off  into  the  massive  rock.  This  rela- 
tion suggests  that  the  localty  developed  schistosity  of  the  greenstone 
existed  before  the  intrusion  of  the  diorite  dikes  or  was  produced  at 
the  time  of  their  invasion,  and  in  either  case  the  greenstone  must  be 
the  older  rock.  More  definite  evidence  in  the  same  direction  was 
noted  in  an  old  stope  above  the  220-foot  level  in  the  Treadwell  mine. 
Here  the  main  mass  of  diorite  lies  below  all  of  the  greenstone,  but  the 
iatter  is  somewhat  schistose,  and  a  narrow  offshoot  from  the  diorite 
2uts  across  this  secondary  structure  for  a  distance  of  about  8  feet, 
ind  then  follows  the  schistosity  parallel  with  the  wall  of  the  large 
Dre  body. 

Without  the  above  proof  that  the  diorite  is  intrusive  in  the  green- 
stone, several  general  considerations  would  lead  to  the  probability  of 
:his  relation.  In  the  region  at  large  the  dioritic  rocks  invariably  cut 
;he  bedded  greenstones,  and  in  Sheep  Creek  they  are  even  later  than 
he  gabbro  dikes  which  follow  the  structure  of  the  inclosing  rocks 
ipproximately.  None  of  the  basic  intrusives  which  are  evidently  later 
han  the  Coast  Range  diorites  show  any  tendency  to  follow  the  struc- 
ural  trend  of  the  region,  but,  like  the  small  basalt  dikes  in  the  Tread- 
veil  mine,  they  characteristically  hold  to  transverse  courses.  The  way 
n  which  the  greenstone  limits  the  zone  of  diorite  dikes,  and  the  marked 
oberence  of  individual  dikes  to  its  lower  surface,  both  point  to  the 
langing-wall  stratum  as  a  controlling  feature  in  the  distribution  of  the 
liorite,  and  therefore  suggest  its  earlier  existence.  The  probability 
)f  this  connection  is  well  brought  out  by  the  map  and  cross  section. 
\.gain,  if  the  attitudes  of  the  diorite  dikes  and  the  greenstone  in 
eference  to  the  slate  country  are  compared,  it  is  found  that  the 
iorite  shows  all  the  ordinary  structural  characteristics  of  intrusions, 
Ivhile  the  greenstone  exhibits  no  features  which  necessarily  require  an 
titrusive  origin.  The  diorite  bodies  change  in  shape  from  place  to 
1>lace,  branch  irregularly,  crosscut  the  stratification  locally,  and  include. 
lasses  of  slate.  The  greenstone  is  a  single  layer  or  bed  which  con- 
inues  along  the  same  horizon  for  at  least  6  miles  and  shows  but  slight 
ariations  in  thickness;  it  does  not  crosscut  the  slates,  so  far  as 
bserved,  and  it  contains  no  slate  inclusions.  Under  the  circumstances 
:  is  strongly  believed  that  the  greenstone  is  not  intrusive,  but  that  it 
riginated  as  a  lava  flow  similar  to  many  others  in  the  same  general 
eries  of  alternating  sediments  and  igneous  rocks,  while  the  diorite 
ras  intruded  at  a  much  later  date. 

BLACK    SLATE. 


The  black  slates,  which  constitute  the  main  country  rock  near  the 
readwell  mines,  belong  to  the  third  subzone  of  the  slate-greenstone 
and  already  described.     Together  with  the  hanging-wall  greenstone 

ey  constitute  all  of  this  subzone  which  appears  on  the  southern  half 
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of  Douglas  Island,  the  remaining  portion  being  beneath  Gastineau 
Channel.  They  are  highly  metamorphosed  carbonaceous  and  calca- 
reous shales,  of  fairly  uniform  texture;  their  stratification  is  usually 
determinable  from  variations  in  color  and  from  slight  changes  in  the 
character  of  material,  and  in  so  far  as  observed  the  bedding  and  prin- 
cipal slaty  cleavage  are  always  in  accord. 

The  cleavage  of  the  slates  is  regarded  as  having  been  produced 
before  the  diorite  intrusions,  the  direction  of  which  it  largely  controls. 
In  this  respect  the  secondary  structure  corresponds  with  that  of  the 
sedimentary  rocks  of  the  general  region,  all  of  which  were  tilted  and 
metamorphosed  before  the  diorites  of  the  Coast  Range  were  intruded. 
The  slates  are  not  altered  b}^  contact  metamorphism  next  to  the  intru- 
sive dikes  of  diorite. 

ALBITE-DIORITE. 

Classification  of  the  Treadwell  rock  is  somewhat  difficult,  because  it 
has  been  impossible  to  procure  entirely  unaltered  material.  Doctor i 
Becker,  who  first  studied  it  with  care,  gave  it  the  designation  ''sodium 
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Fig.  2.— Cross  section  through  Alaska  Treadwell  mine  and  northern  side  of  Douglas  Island. 

syenite,"  to  distinguish  it  from  the  ordinary  syenites,  which  contain 
potassium  as  their  alkali  constituent.     However,  since  the  soda-f  eldspar  1 
albite,  which  is  the  characteristic  mineral  of  the  rock,  belongs  to  the  j 
plagioclase  series,  and  these  feldspars  are  the  distinguishing  feature  of  j 
dioritic  rocks,   he  suggested  the  alternative  name   "  albite-diorite,'! 
which  is  here  employed  because  it  indicates  the  known  relationship  of 
the  Treadwell  rock  with  the  diorite  intrusives  of  the  adjacent  Coast 
Range. 

The  rock  varies  in  mineralogical  composition  from  place  to  place,! 
but  it  is  always  very  much  changed  from  its  original  condition.  Most! 
of  it  shows  little  or  no  ferromagnesian  minerals,  either  because  theyj 
were  never  present  or  because  they  have  been  decomposed  and  carried, 
away  by  the  mineralizing  solutions  which  have  permeated  the  rock.J 
Specimens  were  collected,  however,  which  contained  hornblende  in! 
apparently  original  prisms,  and  biotite  is  sometimes  observed.  Sec-I 
ondarily  crystallized  mica  and  green  hornblende  are  somewhat  com- 
mon, and  with  them  a  considerable  amount  of  epidote  is  ordinarily' 
found.     Feldspar  is  present  in  two  conditions,  original  and  secondary.! 


spencer]         TREADWELL    ORE    DEPOSITS,   DOUGLAS    ISLAND.  75 

The  primary  feldspars  of  the  magma  were  albite-oligoclase,  occurring 
in  phenocrysts  now  always  clouded  by  decomposition  products,  and 
microperthite  with  some  pure  albite,  forming  a  granular  groundmass 
of  distinctly  later  crystallization.  The  composition  of  the  phenocrysts 
is  inferred  in  general  from  the  presence  of  epidote  as  one  of  the  min- 
erals formed  by  the  alteration  of  the  feldspars,  but  this  has  been 
checked  by  the  optical  characteristics  of  relatively  fresh  material  occur- 
ring in  several  specimens.  The  secondary  feldspar  is  always  albite, 
and  is  usually  quite  free  from  decomposition,  and  when  it  occurs  in 
sufficient  amounts  it  gives  the  rock  a  very  fresh  appearance.  It  seems 
to  have  been  formed  mainly  at  the  expense  of  the  original  microper- 
thite, which  it  replaces  in  part. 

Quartz  seems  not  to  have  been  an  original  mineral  in  the  albite- 
diorite,  and  it  is  never  observed  in  the  body  of  the  rock  associated  with 
the  secondary  albite,  but  is  confined  to  the  veinlets  which  intersect  the 
dikes.  Calcite  is  common  both  in  the  veins  and  distributed  through 
the  rock  itself  along  with  the  albite  of  the  second  generation. 

Original  accessory  minerals  noted  are  apatite,  titanite,  rutile,  and 
magnetite.  The  secondary  minerals  which  have  been  noted  are  uralite 
(secondary  hornblende),  green  mica,  chlorite,  epidote,  zoisite,  calcite, 
quartz,  sericite,  rutile,  pyrite,  pyrrhotite,  and  stibnite,  with  other  sul- 
phides occurring  exceptionally.  Some  of  the  magnetite  seems  also 
to  have  originated  from  the  breaking  up  of  former  iron-bearing  min- 
erals, and  where  it  surrounds  cubes  of  pyrite  it  has  apparentl}T  been 
deposited  from  the  mineral  solutions. 

In  the  vicinity  of  the  mines  dikes  of  albite-diorite  in  the  black 
slates  are  distributed  throughout  a  zone  about  3,000  feet  in  width, 

1  extending  along  the  strike  for  3  miles.  Only  bodies  near  the  hanging 
wall  of  this  zone  have  been  mined  up  to  the  present  time,  though 
several  others  are  strongly  mineralized.  The  dimensions  of  the  dif- 
ferent dikes  are  extremely  variable,  the  larger  ones  having  a  maximum 
i observed  width  of  over  200  feet  in  surface  exposure  and  in  the  mine 
workings.  From  this  all  sizes  occur  down  to  the  width  of  one's  hand, 
and  toward  the  ends  of  the  intrusive  area  only  small  dikes  occur,  as 
may  be  observed  along  the  bed  of  Bullion  Creek. 

Outside  of  the  ground  which  has  been  worked,  the  details  of  the 
various  diorite  masses  are  unknown,  but  their  general  distribution  is 
shown  upon  the  geologic  map,  and  the  generalized  cross  section  through 
the  workings  of  the  Treadwell  mine  indicates  the  relative  number  and 
size  of  the  dikes  which  outcrop  (figs.  1  and  2).  Undoubtedly  a  still 
larger  number,  principally  of  small  dikes,  are  hidden  by  gravel  beds 
and  by  the  deep  mat  of  decaying  vegetation  which  covers  much  of  the 
ground. 

In  many  cases — and  this  is  particularly  to  be  noted  in  the  dikes  which 
have  been  mined — the  individual  intrusions  are  made  up  of  a  series  of 
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lenses  formed  by  alternate  bulging  and  pinching  of  the  intrusive  mass. 
In  places  the  structure  of  the  slate  follows  these  irregularities,  while 
elsewhere  there  is  local  crosscutting.  Pinching  and  swelling  of  the 
diorite  is  shown  in  both  vertical  and  horizontal  cross  sections  of  the 
dikes,  though  in  general  it  is  to  be  noted  that  the  variations  are  more 
frequent  and  the  changes  take  place  within  shorter  distances  upon  the 
dip  than  upon  the  strike. 

The  greater  frequency  of  the  variations  on  the  dip,  which  has  been 
mentioned,  may  be  due  to  faulting,  for  in  the  west  end  of  the  "  Glory 
Hole"  at  the  Tread  well  mine,  and  in  one  or  two  other  cases  under- 
ground, where  observations  have  been  less  readily  made,  the  ore  bodies 
are  offset  by  movement  along  surfaces  which  strike  nearly  parallel  to 
the  veins,  but  dip  at  a  lower  angle.  A  series  of  such  faults  would 
produce  the  effect  of  alternate  swelling  and  pinching  (fig.  3). 

Considerable  work  was  done  several  years  ago  in  prospecting  adja- 
cent bodies  of  diorite,  many  of  which  are  as  thoroughly  impregnated 

with  pyrite  as  the  developed  ore  bodies. 
So  far  as  known,  the  gold  values  are 
mostly  very  low;  and  while  mines  may 
yet  be  discovered,  explorations  have  not 
thus  far  revealed  workable  ores. 

The  occurrence  of  the  sulphide- 
bearing  diorite  which  forms  the  Tread- 
well  ore  deposit  has  been  described  by 
Dr.  G.  M.  Dawson,  who  visited  the 
mine  in  1889.  This  geologist  believed 
the  deposit  to  represent  the  upper  por- 
fig. a.-weai  sketch  showing  manner    tion  or   " feather   edge"   of  a  granitic 

in  which  faults  of  low  dip  may  displace      .  .  i     i  i 

an  inclined  dike,  giving  appearance  intrusion,  probably  contemporaneous 
of  alternate  swelling  and  pinching.  an(j  connected  with  the  granites  of  the 
neighboring  Coast  Range.  The  structural  relations  presented  by  this 
view  are  entirely  in  accord  with  present  observations,  for  while  the 
rock  can  not  be  strictly  classed  as  granite,  neither  can  a  large  part  of 
the  rocks  which  form  the  core  of  the  Coast  Range  be  so  classed,  since 
their  composition  is  usually  dioritic.  The  diorite  of  the  Douglas  Island 
mines  doubtless  belongs  to  the  Coast  Range  period  of  intrusion;  and  if 
the  small  dikes  of  basalt  which  are  found  from  place  to  place  throughout 
the  region  be  excepted,  it  is  the  }^oungest  of  the  bed-rock  formations 
in  the  vicinity.  At  the  time  of  its  intrusion  the  rocks  which  now 
appear  at  the  surface  occupied  a  position  deep  within  the  shell  of  the 
earth  (lithosphere);  and  while  many  masses  of  the  Coast  Range  diorite 
were  forced  through  to  the  surface,  it  is  doubtful  whether  any  of  these 
particular  dikes  ever  extended  as  far  as  the  surface  which  then  existed. 
Taken  together  they  represent  intrusive  material  which  was  arrested 
en  route,  while   larger  masses   of   related   rocks  in   the    region  are; 
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regarded  as  the  once  deep-seated  portions  of  intrusions  which  probably 
had  actual  surface  exit.  In  the  underground  workings  the  blind  end- 
ings of  certain  of  the  dikes  show  that  some  of  them  do  not  extend  even 
to  the  present  surface.  How  much  farther  the  larger  ones  may  have 
penetrated  the  slates  now  removed  by  erosion  can  not  be  estimated. 

BASALT   DIKES. 

In  several  places  in  the  mine  workings  there  are  basalt  dikes,  which 
cut  all  the  other  rocks.  They  are  narrow,  usually  from  a  few  inches 
up  to  3  feet  in  width,  and  have  sharply  defined  walls.  Locally, 
the  dikes  occur  in  pairs,  and  in  several  places  are  seen  to  divide,  par- 
ticularly when  they  occur  in  zones  of  sheeted  rock.  The  fissures  in 
which  the}^  occur  are  transverse  to  the  strike  of  the  rocks  and  trend 
from  N.  10°  W.  to  about  north  and  south,  true  meridian,  with  a  rather 
steep  dip  toward  the  west.  As  a  rule,  they  are  not  mineralized  to  any 
important  extent,  though  a  small  amount  of  pyrite  sometimes  appears, 
and  occasionally  they  contain  a  considerable  amount  of  this  mineral. 
In  several  places  veinlets  of  calcite  occur  along  the  selvage,  but  these 
are  readily  determinable  as  of  later  orign  than  the  greater  part  of  the 
quartz  and  calcite  which  form  a  reticulation  throughout  the  mass  of 
the  ore  material. 

THE    ORES. 

GENERAL    DESCRIPTION. 

The  ore  of  the  albite-diorite  dikes  consists  mainly  of  rock  impreg- 
nated with  sulphides,  principally  pyrite,  in  part  shattered  and  filled 
by  reticulating  veins  of  calcite  and  quartz,  which  also  carry  sulphides. 
The  ore-bearing  dikes  are  considerably  mineralized  throughout,  and 
often  the  whole  mass  can  be  mined.  Locally,  however,  the  values  are 
too  low  to  pay  for  extraction,  and  portions  of  the  rock  must  be  left. 

Three  sorts  of  ore  are  recognized  by  the  miners,  "quartz,"  " brown 
ore,"  and  "  mixed  ore."  The  so-called  quartz  ore,  which  constitutes 
the  bulk  of  the  workable  material,  is  essentially  mineralized  diorite, 
but  it  usually  contains  calcite  and  quartz,  the  calcite  disseminated  or 
in  veins,  the  quartz  only  in  veins.  As  a  rule,  it  is  white  or  light  gray, 
out  in  many  places  it  has  a  greenish  cast.  The  brown  ore  is  derived 
from  a  comparatively  small  amount  of  productive  mineralization 
occurring  in  the  walls  or  in  the  narrow  horses  of  slate,  where  the  presence 
)f  gold-bearing  sulphides  is  commonly  recognized  by  a  brown  color, 
which  leads  to  the  popular  designation  of  this  ore.  The  brown  mate- 
rial grades  into  the  ordinary  black  slate,  and  its  color  is  apparently  due 
X)  decarbonization  of  the  carbonaceous  rock  by  percolating  sulphide 
solutions.     Impregnation  of  the  slate  is  by  no  means  general,  and 

there  it  occurs  it  seldoms  extends  for  more  than  2  or  3  feet  from  the_ 
alls  of  the  main  ore  mass.     The  mixed  ore,  which  is  more  abundant 
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than  the  hrown,  is  composed  of  slate  intricately  intruded  hy  small  dikes 
of  very  fine-grained  diorite,  the  whole  being  impregnated  with  sul- 
phides in  the  same  way  as  the  ordinary  ore. 

The  value  of  the  material  mined  varies  from  $1  to  $5  and  even  $10 
or  more  per  ton,  though  in  the  course  of  development  a  great  deal  of 
less  valuable  rock  is  extracted,  and  in  working  the  open  pits  large 
amounts  of  worthless  slate  must  be  moved,  much  of  which  goes  with 
the  ore  to  the  stamps.  In  general  the  average  value  of  the  rock  has 
been  a  few  cents  over  $2  for  the  past  two  or  three  years.  From  60  to 
75  per  cent  of  the  gold  is  free  milling,  and  the  concentrates,  which  the 
mill  records  show  to  be  about  2  per  cent  of  the  material  treated,  assay 
from  $30  to  $50  per  ton. 

SHAPE  OF  THE  OKE  BODIES. 

The  impregnation  of  the  dikes  in  which  the  ore  occurs  is,  for  the 
most  part,  so  general,  and  the  presence  of  at  least  small  amounts  of 
gold  is  so  constant,  that  it  is  impossible  to  recognize  any  well-defined 
masses  which  may  property  be  distinguished  as  ore  shoots.  Though 
the  values  are  by  no  means  uniformly  distributed,  from  the  assay  plan 
they  do  not  appear  to  occur  in  any  regular  way,  and  indeed  the  dis- 
tinction between  ore  and  rock  too  lean  to  pay  for  extraction  is  often 
the  matter  of  only  a  few  cents.  The  actual  differences  in  gold  tenor  | 
of  several  contiguous  samples  taken  from  the  ore  are  usually  much 
greater  than  the  difference  between  the  average  of  any  considerable 
block  of  ore  and  the  contents  of  intervening  masses  of  poor  rock.  In 
several  places  mere  joints  or  seams  may  be  noted  separating  the  ore 
and  the  poor  material,  and  it  frequently  happens  that  blocks  of  the 
latter,  which  show  assays  from  a  trace  up  to  $1,  are  entirely  surrounded 
by  ore  averaging  $2  or  more.  Structural  limitations,  such  as  joints, 
however,  are  difficult  of  observation,  because  the  sides  of  the  drifts 
are  everywhere  covered  with  dust. 

In  general,  the  best  ore  is  that  which  contains  the  greatest  number 
of  quartz  and  calcite  veinlets,  and  though  their  absence  is  not  an  infal- 
lible indication  of  valueless  material,  it  seems  that  the  irregular  distri- 
bution of  the  gold  has  resulted  mainly  from  original  differences  in  the 
amount  of  crushing  and  the  consequent  varying  permeability  of  the 
rock.  Where  the  metasomatic  replacement  of  the  diorite  by  secondary 
albite  is  absent,  the  sulphides  usually  replace  such  minerals  as  horn-' 
blende  or  mica,  and  it  is  suspected  that  in  these  cases  the  gold  content 
is  ordinarily  low. 

In  planning  the  position  of  stopes  the  assay  charts  often  enable  the 
miners  to  locate  the  pillars  in  relatively  poor  material,  but  as  a  rulei 
the  low-grade  rock  is  not  found  to  persist  for  the  whole  distance 
between  two  mine  levels.  The  largest  masses,  which  have  been  left 
because  of  their  leanness,  are  on  the  foot-wall  side  of  the  south  dike 
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n  the  Treadwell  workings,  but  even  here  there  are  great  variations 
in  the  gold  tenor  at  different  places.  On  the  110-foot  level  all  the 
rock  was  minable;  on  the  220-foot  level  from  10  to  40  feet  of  low-grade 
stuff  was  left  on  the  foot,  excepting  for  a  distance  of  about  150  feet. 
3n  the  330-foot  level  good  values  were  found  up  to  the  slate,  except- 
ng  for  200  feet  along  the  west  end,  where  20  feet  or  so  were  left,  while 
)n  the  410-foot  level  not  over  half  of  the  rock  gave  assays  over  $1. 

PERSISTENCE    IN    DEPTH. 

The  ore  dikes  have  been  developed  along  the  dip  for  a  distance  of 
ipproximately  1,000  feet  in  all  three  of  the  mines  now  operated. 
Che  Treadwell  workings  reach  about  700  feet  below  sea  level,  the 
Mexican  600  feet,  and  the  Ready  Bullion  800  feet/*  In  no  case  has  it 
)een  possible  to  make  out  any  progressive  change  in  the  character  of 
;he  ore  as  depth  was  attained.  The  assay  charts  show  the  ore  in  the 
owest  levels  to  be  as  good  as  in  the  upper  workings,  and  it  is  evident 
;hat  variations  along  the  dip  are  not  greater  than  those  observed  from 
)lace  to  place  along  the  strike.  It  is  true  that  the  mine  records  for  a 
Deriod  of  years  show  a  gradual  decrease  in  the  per- ton  value  of  the 
naterial  which  has  been  treated.  This  is  especially  noticeable  in 
he  case  of  the  Treadwell  mine,  which  has  been  the  longest  in  opera- 
ion,  but  it  is  the  result  of  increasing  the  tonnage  by  mining  low-grade 
ock  rather  than  an  indication  that  the  average  value  is  decreasing 
vrith  depth. 

It  seems  fair  to  assume  that  the  ore  will  continue  to  at  least  a  con- 
iderably  greater  depth  without  important  change  in  average  value. 
?here  is  nothing  in  the  character  of  the  ore  to  indicate  any  important 
econdary  concentration  of  values  by  oxidizing  waters  near  the  sur- 
ace.  On  the  other  hand,  the  characteristics  of  the  deposit  are 
>elieved  to  indicate  that  it  was  formed  in  its  present  condition  by  the 
irect  action  of  ascending  waters.  If  this  idea  is  correct,  there  can 
>e  little  doubt  that  the  mineralization  and  the  values  will  continue  to 

much  greater  depth  than  has  been  reached,  and  it  may  be  reasonably 
xpected  that  the  limit  of  deep  mining  will  finally  depend  more  upon 
ncreasing  costs  of  hoisting  and  pumping  than  upon  the  exhaustion  of 
he  ore. 

VEINING    IN    THE    ORE    BODIES. 

In  almost  all  parts  of  the  Treadwell  deposit  reticulating  veinlets 
f  calcite  and  quartz  are  prominent  features  of  the  mineralized 
ikes.  The  veinlets  are  often  composed  entirely  of  calcite,  but 
his  mineral  is  usually  accompanied  by  quartz,  though  the  latter  sel- 
om,  if  ever,  occurs  by  itself.  The  veinlets  are  rarely  more  than  a 
ew  inches  in  width;  many  are  only  a  fraction  of  an  inch  across,  and 
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the  microscope  shows  the  presence  of  minute  fracturing  between  the 
veins  visible  to  the  naked  eye.  The  veins  are  usually  closely  spaced, 
and  an  estimate  based  on  a  study  of  all  the  mine  workings  indicates 
that  infiltrated  materials  make  up  nearly  one-fifth  of  the  mass  of  the  ore. 
The  boundaries  of  the  veinlets  against  the  inclosing  rock  are  some- 
times distinct,  but  in  many  cases  there  is  an  apparent  gradation  from 
the  vein  matter  into  the  altered  diorite.  When  the  amount  of  intro- 
duced minerals  is  large  in  proportion  to  the  mass  of  the  matrix,  in 
small  specimens  it  is  often  difficult  to  distinguish  the  vein  stuff  from 
the  rock,  though  in  large  fragments  or  on  the  stope  faces,  the  general 
extent  of  the  different  portions  of  the  ore  material  is  exhibited.  The 
microscope  shows  that  the  merging  of  the  interstitial  veinlets  with  the 
rock  which  they  cut  is  due  to  penetration  of  the  latter  by  calcite, 
which  is  intercrystallized  with  secondary  albite,  formed  at  the  expense 
of  the  original  feldspar. 

Veinlets  traverse  the  rock  in  different  directions,  but  the  greater 
part  of   the  filling   occurs  in  fissure-like   openings  constituting  two 

well-marked  systems.  One  set  of 
fractures  strikes  and  dips  approxi- 
'f  mately  with  the  structure  of  the  inJ 
closing  slates;  the  other,  which  is 
the  more  prominent,  strikes  some- 
what obliquely  to  the  structure  of  the 
country  rock  and  dips  in  the  oppo- 
site direction — that  is,  toward  the 
southwest. 

In  places  where  the  mineralized 
dikes  are  narrow,  the  set  of  fissures 
parallel  to  the  country  rock  structure 
usually  diminishes  in  importance] 
and  often  only  the  cross  fractures  have  been  developed.  This  may  bd 
explained  upon  the  supposition  that  the  tendency  to  motion  parallel: 
to  the  walls  of  the  intrusions  was  taken  up  outside  of  the  massive  rocla 
in  the  slates,  while  the  transverse  strain  affected  both  the  slate  and  thd 
intrusive  rock,  the  latter  being  specially  susceptible  to  cross  fracture] 
because  of  its  small  mass  and  brittle  nature.  Cross  fractures,  tilled 
with  vein  stuff  and  limited  to  a  narrow  dike  in  the  slates,  may  be  seen 
to  good  advantage  at  the  east  end  of  the  Ready  Bullion  pit,  near  the 
southernmost  outcrop  of  the  diorite  (fig.  4).  Throughout  the  mines  ii 
is  the  rule  that  all  transverse  gash  veins  stop  at  the  walls  of  the  diorite 
and  while  there  are  a  few  exceptions  the  quartz  seldom  penetrates  the 
country  rock  to  any  great  distance,  and  when  it  does  it  diminishes 
rapidly  in  thickness.  However,  this  is  not  always  due  to  the  nonper 
sistence  of  the  fissures,  for  they  may  be  frequently  observed  continu 
ing  from  the  diorite  into  the  slate  in  the  form  of  well-marked  joints. 


Fig.  4.— Dike  of  albite-diorite  in  open  cut  of 
Ready  Bullion  mine. 
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GANGUE   MINERALS. 

Feldspar,  calcite,  and  quartz  are  the  three  important  nonmetallic 
ninerals  of  the  Treadwell  ores.  Part  of  the  original  feldspar  of  the 
ntrusive  diorite  remains  in  the  ore,  and  with  a  considerable  amount  of 
secondary  feldspar  forms  the  principal  gangue  mineral.  Other  min- 
erals of  the  unaltered  rock  were  hornblende  and  mica,  but  these  are 
^resent  in  relatively  small  amounts,  as  is  epidote,  which  has  been 
!ormed  as  a  product  of  alteration  from  them.  Calcite  and  quartz 
)ccur  in  veinlets  penetrating  the  diorite,  and  make  up  perhaps  one- 
ifth  of  the  material  which  is  mined.  Calcite  is  also  found  dissemi- 
lated  irregularly  in  the  more  altered  parts  of  the  diorite,  unaccom- 
)anied  by  quartz.  When  sulphides  and  calcite  are  both  present,  they 
re  almost  invariably  in  contact  with  each  other,  but  the  secondary 
eldspar  also  carries  a  great  deal  of  pyrite. 

The  occurrence  of  ferruginous  calcite  is  common  in  the  superficial 
workings,  where  it  may  have  been  formed  by  the  action  of  iron-bear- 
ng  solutions  upon  the  primary  calcite  of  the  deposit.  It  occurs  also 
n  small  amounts  in  deeper  parts  of  the  mines,  where  it  is  possibly  an 
riginal  mineral.  A  small  amount  of  pink  carbonate,  probably  a 
lixture  of  calcite  and  rhodochrosite,  has  been  observed  in  the  open 
its  of  the  Ready  Bullion. 

METALLIC    MINERALS. 

As  shown  by  the  mill  records,  the  metallic  minerals,  or  u  sulphides," 
|onstitute  about  2  per  cent  of  the  Treadwell  ores.     They  consist  mainly 
f  iron  pyrites,  but  a  considerable  amount  of  magnetite  is  also  present. 
Pyrite  occurs  both  in  the  rock  and  in  the  veinlets,  but  the  position 
f  the  sulphides  has  no  apparent  influence  on  the  gold  content.     In 
le  rock  it  invariably  has  the  form  of  minute  cubes,  ranging  from  a  size 
arcely  visible  to  the  unaided  eye  up  to  about  one  millimeter,  rarely 
rger.     It  is  distributed  sparsely  through  the  diorite  accompanying 
e  secondary  minerals,  especially  the  albite  and  calcite,  though  where 
ese  are  not  present  it  is  associated  with  epidote  and  uralitic  horn- 
ende.     In  the  reticulating  veinlets  the  pyrite  occurs  either  as  sepa- 
te  cubes,  often  several  millimeters  across,  or  in  bunchy  aggregates, 
rming  "  turkey-egg  rock,"  which  usually  contains  more  than  aver- 
se values. 

Magnetite  occurs  only  in  the  form  of  minute  grains  outside  the 
inlets.  Part  of  it  appears  to  have  been  an  original  constituent  of 
le  diorite,  but  much  of  it  was  deposited  secondarily  along  with  the 
yrite,  perfect  cubes  of  which  it  sometimes  surrounds. 
Rutile  occurs  in  minute  needles,  and  though  seldom  visible  to  the 
iked  eye  the  microscope  shows  that  it  is  widely  distributed  in  various 
arts  of  the  mines.  As  a  rule,  it  occurs  embedded  in  calcite,  but  it  is 
mietimes  in  the  secondary  albite.  Pyrrhotite  often  accompanies  or 
Bull.  259—05 6 
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takes  the  place  of  the  pyrite  and  may  be  readily  isolated  from  the 
concentrates  by  means  of  a  magnet.  Chalcopyrite,  galena,  and  sphal 
erite  occur  sporadically,  and  native  arsenic,  realgar,  and  orpiment 
have  been  noted  in  small  quantities.  Assays  are  said  to  indicate  the] 
arsenical  nature  of  much  of  the  pyrite,  though  the  presence  of  true 
arsenopyrite  has  not  been  recognized.  Molybdenite  is  frequently 
noted,  though  it  is  irregularly  distributed. 

OCCURRENCE   OF   GOLD. 

Visible  gold  has  been  observed  in  veins  of  coarsely  crystalline  cal- 
cite  inclosed  in  the  ore  bodies.  This  occurrence  is,  however,  rare,  and 
in  general  even  the  microscope  does  not  reveal  the  form  in  which  the 
precious  metal  exists.  I  have  not  been  able  to  distinguish  gold  in  the 
thin  sections  studied  under  the  microscope,  but  Prof.  F.  D.  Adams, 
who  examined  the  material  collected  by  Dawson  in  1887,  observed 
gold  mechanically  inclosed  in  crystals  of  pyrite.  It  is  evident  that  a 
considerable  amount  of  gold  must  be  in  the  metallic  condition,  because 
a  large  proportion  is  saved  by  amalgamation,  the  amount  sometimes 
being  as  high  as  75  per  cent  of  the  total  assay  value. 

The  gold  is  perhaps  mainly  associated  with  p3Trite,  but  rather  coarse 
crushing  is  the  present  mill  practice,®  and  so  much  of  the  pyrite  passes 
the  screens  in  comparatively  large  grains  or  unbroken  crystals,  that  it 
seems  open  to  doubt  whether  from  60  to  75  per  cent  of  the  gold  could 
be  free-milling  if  it  were  all  associated  with  the  iron  sulphide.  The 
nonamalgamating  portion  undoubtedly  does  occur  with  the  pyrite, 
because  the  concentrates  contain  only  pyrite  and  magnetite,  with  a 
small  amount  of  pyrrhotite,  all  the  molybdenite  going  into  the  tail- 
ings. Molybdenite  can  hardly  be  an  important  carrier  of  gold, 
because  it  seems  to  be  somewhat  limited  in  distribution,  although  its 
presence  in  visible  quantities  is  said  to  indicate  high  values. 

As  a  rule,  the  values  vary  with  the  amount  of  interstitial  vein  mat- 
ter, but  the  position  of  the  pyrite  in  the  rock  or  in  the  quartz  and  caB 
cite  seem  to  have  no  influence  upon  the  amount  of  gold.  In  some 
places,  where  the  ore  is  of  average  grade,  all  the  metallic  minerals 
seem  to  be  in  the  rock,  and  careful  search  is  necessary  for  the  discoi 
ery  of  any  sulphide  in  the  quartz  or  calcite.  Elsewhere  the  sulphides 
may  be  confined  almost  entirely  to  the  veinlets.  A  limited  amount  of 
material  is  mined  which  contains  practically  no  stringers  of  quartz  ol 
calcite,  the  sulphide  being  disseminated  through  the  mass  of  the 
rock — for  instance,  in  the  crosscut  on  the  440-foot  level  and  in  stope 
No.  1  of  the  330-foot  level  in  the  Treadwell  mine.  In  other  placJ 
material  of  similar  appearance,  containing  an  equal  amount  of  pyritJ 
yields  only  a  veiy  small  amount  of  gold. 

a  Slot  screens  equivalent  to  18-  and  20-mesh  wire  screens  are  used. 
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METASOMATrC   ALTERATION. 

As  already  stated,  the  Treadwell  ore  bodies  are  dikes  of  albite-dio- 
t-ite  filled  with  reticulating  veinlets  of  quartz  and  calcite  and  perme- 
ited  with  metallic  sulphides  carrying  small  amounts  of  gold. 

From  the  structure  of  the  deposits  it  is  evident  that  the  dikes  were 
subjected  to  pressure  which  caused  fracturing,  whereby  they  became 
porous,  affording  channels  of  easy  circulation  for  underground  waters, 
rhe  minerals  in  the  ores  and  their  mutual  relations  suggest  that  car- 
bonated and  mineral-bearing  solutions  found  the  broken  dikes    and 
continued  to  move  through  them  for  a  very  long  period.     In  transit 
ihese  waters  attacked  the  minerals  of  the  albite-diorite,  decomposing 
:hem,  and  in  some  cases  effecting  more  or  less  complete  metasomatic 
replacement.     As  a  rule,  the  hornblende  and  mica  of  the  original  rock 
lave  entirely  disappeared,  their  place  being  taken  by  aggregates  of 
secondary  minerals,  sometimes  including  metallic  sulphides.     A  few 
specimens  of  relatively  unaltered  material  indicate  that  the  original 
•ock  characteristically  contained  two  sorts  of  feldspar,  albite-oligo- 
clase,  and  microperthite.     The  first  occurs  in  phenocrysts  of  fairly 
lefinite  form,  often  showing  concentric  structure,  and  always  clouded 
iy  decomposition  products,  excepting  for  clear  rims,  which  are  usually 
larrow.     The    microperthite,   which   has   the   characteristic  mottled 
appearance  of  this  minute  intercrystallization  of  albite  and  orthoclase, 
s  entirely  interstitial  as  regards  the  albite-oligoclase.     It  is  usually 
learly  free  from  decomposition  inclusions,  and  is  ordinarily  accom- 
)anied  by  some  clear  albite.     When  pyrite  occurs  in  such  slightly 
ltered  material  it  lies  in  or  next  to  decomposed  hornblende  crystals, 
dost  of  the  rock  has  suffered  extreme  alteration,  and  pyrite  occurs 
hroughout  interstitial  groundmass.     Its  introduction  has  apparently 
►een  accompanied  by  breaking  down  of  the  microperthite,  for  this 
nineral,  so   abundant  in  the  comparatively   fresh   rock,    is   usually 
ntirely  absent  when  the  sulphide  occurs  outside  of  the  decomposed 
ornblende — that  is  to  say,  in  the  interstitial  feldspar.     In  the  most 
ltered  rock  the  place  of  the  microperthite  is  taken  by  an  aggregate 
f  small  albite  crystals,  and  this  mineral  is  regarded  as  a  secondary 
eplacement  of  the  original  feldspar.     In  some  cases  the  replacement 
as  gone  so  far  that  the  crystals  of  albite-oligoclase  have  been  attacked, 
his  feature  is  relied  on  in  part  to  prove  the  secondary  nature  of  the 
lbite,  but  more  conclusive  evidences  that  the  albite  is  of  secondary 
rigin  are  its  occurrence  in  veinlets  cutting  the  old  feldspar,  the  fact 
lat  it  is  found  intercrystallized  with   calcite,   both  in  veinlets  and 
aroughout  the  rock  itself,  and  the  fact  that  where  albite  forms  the 
iterstitial  material  instead  of  microperthite,  pyrite,  and  often  r utile, 
re  present,  embedded  either  in  the  feldspar  or  in  the  evidently  con- 
miporaneous  calcite. 
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The  alteration  of  the  Tread  well  diorite  is  regarded  as  a  phenomenon 
which  accompanied  the  formation  of  the  veinlets  which  intersect  the 
jock,  and  the  metasomatic  action  is  attributed  to  the  same  solutions 
as  those  which  deposited  the  quartz  and  calcite.  The  minerals  last 
named  appear  to  have  been  for  the  most  part  introduced,  but  the  albite 
is  believed  to  have  been  formed  entirely,  or  nearly  so,  from  the  pre- 
vious minerals  of  the  diorite,  because  it  is  not  found  in  the  larger  vein- 
tillings.  It  is  commonly  observed  that  where  both  calcite  and  quartz 
are  present  in  the  fractures,  the  former  usually  occurs  next  to  the 
walls,  and  it  always  permeates  the  rock  to  a  greater  or  less  extent. 

According  to  Lindgren,  alteration  of  the  sort  here  described  has  not 
been  previously  recorded,  for  though  albite  occurs  as  a  vein  mineral 
in  California,  it  has  not  been  detected  among  the  metasomatic  miner- 
als in  the  wall  rocks  of  veins. a  In  this  connection,  however,  refer- 
ence should  be  made  to  pseudomorphs  of  albite  after  adularia  from 
St.  Gotthard.  These  are  described  by  Bischoff,6  who  gives  an  extended 
discussion  of  the  probable  chemical  reactions  involved,  and  suggests 
the  competence  of  waters  containing  sodium  chloride  to  effect  the 
observed  replacement  of  potash  feldspar  by  soda  feldspar. 

The  occurrence  of  values  in  the  wall  rock  to  such  an  extent  as  is 
observed  in  the  Treadwell  ores  is  also  somewhat  unusual,  though  not 
unique. 

ROLE  OF  THE  BASALT  DIKES. 

In  his  discussion  of  the  genesis  of  the  Treadwell-Mexican  ores,  Doctor 
Becker  leaves  some  doubt  as  to  the  importance  which  he  desired  to 
assign  to  the  basalt  dikes  as  mineralizers.  He  first  says  that  the  gen- 
esis of  the  ores  is  probably  connected  with  the  dikes,  but  afterwards 
.suggests  the  relative  unimportance  of  their  influence/ 

In  the  Treadwell  and  Seven  Hundred  Foot  mines,  two  narrow  dikes 
of  the  basalt  are  observed  in  a  zone  of  sheeting,  which  is  undoubtedly 
later  than  most  of  the  veinlets  in  the  ore  mass.  A  small  amount  of 
calcite  is  found  along  their  selvages,  but  they  contain  little  or  no 
pyrite.  Upon  the  west  or  hanging- wall  side  of  the  dikes  the  ore  is 
somewhat  richer  than  it  is  between  and  beneath  them,  but  it  seems  that 
this  variation  in  gold  tenor  can  not  be  attributed  to  the  dikes  as  miner- 
alizers, because  the  rock  between  them  is  not  enriched,  as  might  be 
expected  had  they  been  an  actual  source  of  gold.  Possibly  a  rear- 
rangement of  values  by  relatively  recent  circulation  has  been  goinj 
on,  and  the  course  of  the  currents  may  well  have  been  controlled  by 
the  zone  of  sheeting  in  which  the  dikes  occur,  but  secondary  migra- 
tion of  this  sort  must  be  distinguished  from  the  original  mineraliza- 
tion, the  extensive  results  of  which  in  the  neighborhood  are  entire  b 

a  Lindgren,  W.,  Metasomatic  processes  in  fissure  veins:  Trans.  Am.  Inst.  Min.  Eng.,  vol.  30,  p.  533. 

?>Chern.  Geol.,  vol.  2,  pp.  409-411. 

<*  Eighteenth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  3,  1898,  p.  69. 
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)evond  comparison  with  the  effects  directly  or  indirectly  attributable 
;o  a  pair  of  narrow  dikes  of  this  sort.  It  is  now  believed  that  they 
lave  no  connection  with  the  formation  of  the  ore. 

Other  basaltic  dikes  occurring  in  Gold  Creek,  near  Juneau,  are 
•egarded  as  practically  of  the  same  age  as  those  on  Douglas  Island, 
md  these  are  also  unmistakably  younger  than  the  gold-bearing  quartz 
reins  of  that  neighborhood. 

ORIGIN   OF   THE    FRACTURES. 

Upon  the  fracturing  of  the  Treadwell  dikes  their  impregnation  with 
^old-bearing  sulphides  is  evidently  dependent.  The  systematic  arrange- 
ment of  the  reticulating  veinlets  in  two  main  sets  standing  at  right 
ingles  to  each  other  and  dipping  in  opposite  directions  led  Becker  to 
he  conclusion  that  the  fractures  had  been  produced  through  com- 
)ressive  shearing  stresses.  He  suggested  that  these  stresses  were 
:aused  by  nearly  tangential  forces  acting  in  a  direction  normal  to  the 
lommon  strike  of  the  two  sets  of  fractures,  which  is  also  approxi- 
nately  the  strike  of  the  country  rocks."  The  fact  that  the  fractures 
,re  due  to  compressive  thrust  need  not  be  questioned,  since  the  theory 
>f  the  subject  has  been  so  ably  developed  and  so  fully  corroborated 
>y  experiment.6  Some  doubt  arises,  however,  as  to  the  direction  in 
drich  the  forces  may  have  been  applied,  because  the  geologic  history 
>f  the  .general  region  since  the  diorite  intrusions  seems  to  indicate 
hat  no  widespread  lateral  compression  has  taken  place.  If  tangential 
hortening  has  been  going  on,  evidences  of  the  fact,  independent  of 
he  fracturing,  has  not  yet  appeared.  On  the  other  hand,  a  study  of 
he  wide  physiographic  features  of  this  portion  of  North  America  has 
hown  that  a  succession  of  continental  uplifts  has  taken  place  since 
he  period  of  the  diorite  invasion,  and  it  seems  necessary  to  suppose 
hat  such  radial  movements  would  tend  rather  toward  areal  dilation 
han  toward  contraction,  as  in  the  opposite  case  of  tangential  com- 
>ression.c 

It  is  suggested  that  the  general  Assuring  throughout  the  Juneau 
listrict  may  have  been  caused  by  gravitative  adjustment  in  the 
ock  masses,  tending  to  restore  internal  equilibrium  disturbed  during 
he  uplifts  which  are  known  to  have  taken  place.  The  rocks  of  the 
listrict  consist  of  alternating  beds  of  greatly  varying  physical  char- 
Icter,  and  they  possess  an  eminent  cleavage  structure  parallel  with 
pe  stratification.  Under  stress  such  rocks  would  }deld  more  readily 
(long  the  preexisting  structure  planes  than  in  other  directions.  That 
Ihis  old  structure  has,  in  fact,  taken  up  most  of  the  internal  move- 
nent  during  the  later  deformation  of  the  rocks  is  evident  from  the 

a  Becker,  G.  F„  op.  cit.,  p.  67. 

b  Becker,  G.  F.,  Finite  homogeneous  strain:  Bull.  Geol.  Soc.  America,  vol.  4,  1893,  p.  13.    Daubree, 

tudes  Synthetique  de  Geologie  Experimentale,  p.  316. 

jcSpencer,  A.  C,  The  Pacific  mountain  system  in  British  Columbia  and  Alaska:  Bull.  Geol.  Soc. 

merica,  vol.  14,  1903,  pp.  117-132. 
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occurrence  of  so  large  a  majority  of  the  veins  in  parallel  position  with 
it,  and  it  may  be  supposed  that  this  control  has  prevented  the  forma- 
tion of  a  large  number  of  fissures  in  various  directions,  which  would 
have  resulted  in  the  case  of  homogenous  or  massive  rocks  deformed 
under  their  own  weight. 

Having  been  subjected  to  the  same  pressures  as  those  which  frac- 
tured the  other  rocks  of  the  region,  it  is  only  natural  that  the  Tread- 
well  dikes  should  be  broken  along  lines  parallel  with  the  general 
Assuring,  and  one  of  the  two  sets  of  veinlets  occurring  in  the  ore 
bodies  practically  coincides  with  the  structure  of  the  inclosing  slates. 
The  other  set,  which  stands  at  right  angles  to  the  first,  is  not  nearly 
so  well  developed  in  the  country  slates,  probably  because  these  }7ielded 
by  bending,  since  they  are  very  flexible  when  compared  with  the 
brittle  rock  of  the  dikes. 

SOURCE    OF   THE   VEIN-FORMING    WATERS. 

The  formation  of  the  Treadwell  ores  is  assigned  to  the  same  general 
cause  as  the  other  veins  of  the  region.  Both  are  attributed  to  circu- 
lating waters  moving  through  channels  opened  by  a  general  fracturing 
of  the  rocks. 

From  the  nature  of  the  metasomatic  changes  which  the  waters  have 
effected,  and  also  from  the  large  amounts  of  carbon  dioxide  which 
they  evidently  contained,  it  may  be  assumed  that  they  were  ascend- 
ing. a  That  they  were  hot  may  also  be  safely  predicated,  because  the 
erosional  history  of  the  region  indicates  that  the  veins  now  exposed 
must  have  been  deposited  at  great  depths,  certainly  not  less  than  from 
6,000  to  10,000  feet  below  the  former  surface  and  possibly  very  much 
deeper.  The  occurrence  of  tourmaline  in  some  of  the  veins  of  Gold 
Creek,  and  the  occasional  presence  of  fluorite  elsewhere,  suggests  a 
connection  with  igneous  emanations,  for  these  minerals  are  character! 
istic  of  pneumatolytic  action,  as  exhibited  in  the  case  of  tin  deposits 
and  in  various  instances  of  contact  metamorphism.  The  presence  of 
these  minerals  can  not  be  pushed  to  the  value  of  evidence  because 
neither  of  them  have  been  universal!}7  observed  in  the  district,  but,, 
even  for  those  who  hold  the  theory  that  the  final  source  of  mineralizing 
water  is  mainly  meteoric,  their  occurrence  may  be  admitted  as  prob- 
ably significant  of  at  least  accessory  contributions  to  the  vein-forming 
solutions  from  igneous  sources. 

It  is  concluded  that  known  facts  do  not  lead  to  a  recognition  of  thd 
actual  source  of  the  solutions  which  have  formed  the  mineral  deposits, 
and  any  present  idea  of  their  origin  must  rest  largely  on  speculation. 
I  am  inclined  to  believe  that  the  very  wide  occurrence  throughout 
southeastern  Alaska  of  intrusions  related  to,  and  of  practically  iden- 


aLindgren,  W.,  Gold-quartz  veins  of  Grass  Valley  district,  California:  Seventeenth  Ann.  Rept. 
U.  S.  Geol.  Survey,  pt.  2,  p.  173. 
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ical  date  with,  the  Coast  Range  diorites  strongly  indicates  the  possi- 
ility  of  a  great  buried  couche,  or  reservoir,  of  igneous  rock  under- 
ling the  whole  region.  It  is  evident  throughout  the  held  that  the 
eins  were  formed  at  a  period  subsequent  to  the  invasion  of  the 
iorite,  and  they  were  probably  formed  long  after  intrusion  had 
eased,  but  it  is  not  a  violent  supposition  to  consider  that  the  deep- 
Bated  magma  from  which  the  masses  now  observed  at  the  surface 
ad  been  given  off  remained  in  a  molten  condition  for  a  very  long 
me. 

A  plausible  hypothesis  for  the  formation  of  the  veins,  based  upon 
le  foregoing  ideas,  is  that  the  unknown  forces  which  at  various 
mes  have  caused  general  elevation  throughout  the  region  were  trans- 
lated by  this  great  residual  magma  to  the  overlying  rocks.  In 
dj  listing  themselves  to  the  changed  conditions  of  equilibrium,  the 
3cks  were  fractured;  then,  as  the  deep-seated  magma  gradually  cooled 
ad  crystallized,  water  and  gases  expelled  from  it  found  their  way  into 
ie  overlying  rocks,  and,  searching  out  the  easiest  routes  of  travel 
long  existing  fractures,  escaped  to  the  surface.  Undoubtedly  waters 
f  this  origin  might  carry  in  solution  all  the  elements  which  have  been 
bserved  in  the  veins,  and  they  would  deposit  their  mineral  contents 
nder  various  conditions,  such  as  decrease  of  dissolving  power  through 
iminishing  pressure  and  temperature,  precipitation  through  metaso- 
latic  interchange  with  wall-rock  materials,  or  precipitation  due  to 
lingling  with  solutions  of  some  other  derivation. 

SUMMARY. 

The  large  bodies  of  gold  ore  in  the  Treadwell  mines  are  secondarily 
uneralized  dioritic  dikes  lying  between  a  hanging  wall  of  greenstone 
nd  a  foot  wall  of  black  slate.  The  gold  accompanies  pyrite  and  other 
ilphides  occurring  both  in  reticulating  seams  of  calcite  and  quartz 
id  disseminated  through  the  rock  itself. 

Feldspar  remaining  from  the  original  rock  consists  of  oligoclase  and 
licroperthite,  but  these  have  been  largely  replaced  by  albite  through 
le  metasomatic  action  of  the  vein-forming  waters. 

The  veinlets  occur  in  two  sets  of  fractures  at  right  angles  to  each 
bher,  which  were  probably  produced  by  shearing  stresses  incident 
pon  continental  uplifting.  Hot  ascending  solutions,  possibly  of  mag- 
uitic  origin,  have  been  the  cause  of  mineralization,  and  the  evidence 

in  favor  of  only  one  period  of  concentration. 

Secondary  concentration  of  the  metallic  minerals  being  absent,  there 
;  no  reason  to  anticipate  any  decrease  in  the  per  ton  value  of  the  ores 
3  greater  depths  are  attained. 


THE  CAPE  YAKTAG  PLACERS. 


By  George  C.  Martin. 


INTRODUCTION. 

The  occurrence  of  gold  in  the  sands  of  the  ocean  beach  near  Cape  : 
Yaktag  has  been  known  and  the  deposits  worked  intermittently  for 
several  years.  The  locality  began  to  attract  considerable  attention 
during  the  winter  of  1903-4,  since  which  time  about  200  people  havel 
been  on  the  ground  more  or  less  continuously.  The  amount  of  pro- 1 
duction  during  this  time  is  not  definitely  known,  for  no  record  has  | 
been  kept,  and  all  estimates  vary  widely.  The  best  estimates  give  a  \ 
total  of  $10,000  or  $15,000  for  the  past  year. 

It  may  be  noted  that  neighboring  and  possibly  similar  placers  have! 
been  wTorked  at  a  profit  on  a  small  scale  at  Yakutat  Bay,  Lituya  Bay, ; 
and  Icy  Cape;  but  attempts  to  work  on  a  larger  scale  have  not  been 
successful. 

Cape  Yaktag  is  about  75  miles  east  of  Controller  Bay  and  100  miles 
northwest  of  Sitka.     The  shore  from  Yakutat  to  Controller  Bay  is  I 
unbroken  and  there  is  no  harbor  which  affords  shelter  even  for  a  small, 
boat.     A  strip  of  land  from  5  to  10  miles  in  width  lies  between  thej 
coast  and  Bering  Glacier.     The  ice  front  is  marked  by  a  line  of  hills, 
which  are  parallel  to  the  coast  and  from  which  a  steep  slope  descends- 
to  the  sea.     This  slope  is  drained  by  many  short  parallel  streams,] 
some  of  which  head  in  the  ice.     The  gold-bearing  beach  is  said  to 
extend  eastward  for  about  15  miles  from  the  mouth  of  Yaktag  River, 
which  is  the  easternmost  of  the  longer  streams  reaching  the  ocean  near 
Cape  Yaktag. 

The  region  may  be  reached  either  by  landing  from  a  steamer  through 
the  surf,  which  can  be  done  only  in  good  weather,  or  by  a  difficult 
foot  journey  along  the  beach  from  Kayak.  The  latter  is  practicable 
only  when  the  streams  are  frozen  or  when  a  light  boat  is  carried.  A 
favorite  method  is  to  drag  a  light  canoe  along  the  beach  on  a  small 
cart.  Cape  Yaktag  can  be  reached  from  Okalee  Spit,  in  Controller 
Bay,  by  this  method  in  two  days.  Three  steamers  stop  at  Kayak  each 
month  throughout  the  year.  This  region  has  not  been  visited  by  any 
member  of  the  Geological  Survey,  and  the  following  information  is 
compiled  from  various  sources.     Most  of  it  is  believed  to  be  reliable. 

GEOLOGY. 

The  rocks  are  said  to  consist  of  shales  with  interbedded  sandstone 
and  limestone,  and  to  resemble  very  closely  in  lithologic  character 
88 
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some  of  the  rocks  of  the  Controller  Bay  region.  They  carry  Miocene 
fossils.  The  structure,  it  is  said,  is  anticlinal,  with  the  axis  parallel  to 
and  very  near  the  shore  line.  The  dip  on  the  southern  flank  of  the 
fold  is  very  steep,  the  rocks  being-  practically  vertical  along  the  beach. 
The  dip  on  the  northern  flank  is  much  gentler,  seldom  exceeding  20°. 
The  northward  dip  continues  inland  as  far  as  the  region  has  been 
explored.  The  structure  is  very  uniform,  no  marked  variations  from 
the  strike  and  dip  recorded  above  having  been  noticed.  There  is  said 
to  be  a  belt  of  crystalline  rocks  inland  at  the  base  of  or  in  the  St. 
Elias  Range. 

OCCURRENCE  OF  GOLD. 


The  gold  is  found  in  the  sands  of  the  ocean  beach  and  generally 
occurs  in  small  amounts,  richer  patches  being  irregularly  distrib- 
uted. The  creek  gravels  are  said  to  be  barren  except  at  the  mouths  of 
the  creeks  where  they  have  been  affected  by  the  ocean  waves.  Garnet 
sand  carries  the  gold,  which  is  for  the  most  part  very  fine.  Occasional 
25-cent  nuggets  are  found  and  a  very  few  of  the  value  of  several 
dollars  have  been  reported. 

The  men  can  make  small  wages  at  all  times,  if  not  too  crowded, 
while  after  each  heavy  storm  rich  sands  are  always  found.  The  old 
ground  can  be  worked  over  anew  after  each  storm,  but  whether  this 
is  due  to  new  concentration  by  the  ocean  waves  or  to  the  exposure  of 
anworked  material  is  not  known.  The  deposits  can  be  worked  all 
winter;  in  fact,  more  gold  is  found  after  the  severe  winter  storms 
han  during  the  summer  when  storms  are  less  frequent  and  less  severe. 
The  gold  has  been  obtained  by  rockers,  sea  water  being  largely  used. 

Attempts  to  work  the  gravels  underlying  the  tundra  on  the  edge  of 
Ipering  Glacier  are  said  to  have  been  unsuccessful. 

The  gold  was  probably  concentrated  by  wave  action  from  the 
nominal  material  brought  to  the  coast  by  the  Bering  Glacier. 

Unaltered  Miocene  rocks  on  the  coast  are  not  known  to  be  auriferous 
n  this  or  other  districts,  hence  the  original  source  of  the  gold  is 
loubtless  in  the  metamorphic  or  other  crystalline  rocks  of  the  St. 
lias  Range. 

Some  beach  sands  from  Yakutat  Bay  have  been  studied  by  Mr.  J. 
[Stanley -Brown,  a  who  found  the  sand  to  be  "made  up  of  grains  of 
fold,  magnetite,  garnet,  hornblende,  pyroxene,  zircon,  quartz,  feld- 
spar, calcite,  and  mica,  associated  with  fragments  of  a  shaly,  slaty, 
Lnd  schistose  character."  He  concludes  that  the  sand  was  doubtless 
lerived  from  the  destruction  of  metamorphic  rocks. 

It  does  not  seem  likely  that  the  region  will  ever  become  of  great 
importance,  for  the  gold  is  very  finely  disseminated  in  all  glacial 
leposits,  and  the  zone  of  wave  concentration  is  small. 

« Nat.  Geog.  Mag.,  vol.  3, 1891,  pp.  196-198. 
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By  Fred  H.  Moffit. 


GENERAL    STATEMENT. 

The  region  adjacent  to  Cook  Inlet,  Alaska,  first  came  into  promi- 
nence as  a  producer  of  placer  gold  in  1896.  The  presence  of  gold  in 
some  of  the  gravels  was,  however,  known  to  a  few  prospectors  and 
traders  previous  to  that  time,  and  some  attempts  at  mining  had  been 
made  many  years  before  b}^  the  Russians.  In  fact,  the  first  report  of 
gold  in  Alaska  was  made  by  the  Russian  mining  engineer,  Doroshin, 
who  conducted  an  examination  of  the  mineral  resources  of  Cook  Inlet 
for  the  Russian  American  Company  in  1848.  Remains  of  old  Russian 
workings  and  tools  have  been  found  in  one  or  two  places,  but  active 
mining  operations  seem  to  have  been  discouraged  by  the  fur  compa- 
nies, which  controlled  the  country  up  to  the  time  of  its  purchase  by 
the  United  States.  A  large  part  of  the  gold  product  of  the  Turna- 
gain  Arm  region  is  due  to  the  labor  of  miners  who  were  without 
capital,  who  took  out  the  richest  and  more  easily  mined  deposits,  and 
who  have  since  left.  The  conditions  under  which  mining  has  been 
carried  on,  therefore,  make  it  impossible  to  give  an  accurate  estimate  of 
the  amount  of  gold  produced,  but  it  is  believed  that  the  average  yearly 
output  since  the  opening  up  of  the  region  is  less  than  $150,000. 

GEOGRAPHY. 

Cook  Inlet  is  the  deep  indentation  that  opens  into  the  northwestern 
part  of . the  Gulf  of  Alaska,  and  forms  the  western  boundary  of  Kenai 
Peninsula,  separating  it  from  the  base  of  the  Alaskan  Peninsula  on 
the  west.  It  extends  in  a  direction  nearly  northeast  and  southwest 
for  a  distance  of  almost  170  miles,  and  is  divided  at  its  northeast  end 
into  two  long,  narrow  branches  known  as  Turnagain  and  Knik  arms. 

The  first  of  these,  Turnagain  Arm,  extends  in  an  east-west  direction, 
and  is  between  40  and  45  miles  long.  It  forms  part  of  the  northern 
boundary  of  Kenai  Peninsula,  and  reaches  on  the  east  to  within  12 
miles  of  Portage  Bay,  a  western  branch  of  Prince   William  Sound. 

"This  paper  is  an  abstract  of  a  more  complete  discussion  of  this  district  now  being  prepared  for 
publication. 
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[urnagain  Arm  is  characterized  by  remarkably  high  tides,  beginning 
vith  a  bore  which  has  a  height  of  6  feet  at  times,  and  runs  in  from  the 
nlet  at  a  speed  of  5  or  6  miles  an  hour.  At  low  tide  the  arm  becomes 
,  broad  mud  flat,  cut  here  and  there  by  the  stream  channels.     Small 


Fig.  5.— Sketch  map  of  the  Turnagain  Arm  placer  region. 

reamers  enter  and  leave  on  high  water,  but  the  bore  and  swift  currents 
lake  the  use  of  small  boats  dangerous. 

The  productive  creeks  in  the  placer  gold  field  here  described  are, 
ith  one  exception,  tributary  to  Turnagain  Arm.  The  four  most 
nportant  of    these    are    Resurrection  Creek,   Bear  Creek,  Sixmile 
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Creek,  and  Glacier  Creek,  with  their  branches.  Resurrection  Creek 
Hows  into  the  south  side  of  the  arm  about  20  miles  east  of  the  main 
body  of  Cook  Inlet,  and  with  Sixmile  Creek,  8  miles  farther  east,  and 
its  various  branches,  drains  a  large  part  of  the  northeastern  portion 
of  Kenai  Peninsula.  Resurrection  Creek  is  a  little  more  than  20  milej 
long-,  and  flows  in  a  direction  slightly  east  of  north.  The  town  o1 
Hope  is  located  near  its  mouth.     Palmer  Creek  is  its  largest  tributary, 

Bear  Creek  flows  into  Turnagain  Arm  one-half  mile  east  of  tli€ 
mouth  of  Resurrection  Creek.  It  is  nearly  6  miles  long,  and  follows 
a  northwesterly  course  through  a  steep,  narrow  valley.  Bear  anc 
Palmer  creeks  are  the  two  producing  streams  of  this  part  of  the  held 
and  both  are  connected  with  Hope  by  good  wagon  roads. 

The  drainage  area  of  Sixmile  Creek  is  much  larger  than  that  o: 
Resurrection  Creek,  and  the  stream  is  formed  by  the  confluence  o: 
two  large  branches,  which  unite  10  miles  south  of  Sunrise,  the  mining 
camp  at  its  mouth.  The  larger  of  the  two  forks,  known  as  the  Eas 
Fork,  is  itself  formed  by  the  confluence  of  a  number  of  small  streams 
The  more  important  of  these  are  Gulch  and  Granite  creeks  on  th< 
north  and  Lynx  and  Silvertip  creeks  on  the  south.  The  smaller  fork 
Canyon  Creek,  flows  almost  directly  northward  and,  with  its  easten 
tributary,  Mills  Creek,  has  been  the  chief  producer  of  the  Turnagaii 
Arm  field. 

Glacier  Creek  enters  Turnagain  Arm  from  the  north,  12  miles  fron 
its  eastern  end.  The  western  branch  of  this  stream,  called  Crow  Creek 
is  the  only  tributary  that  need  be  mentioned  here.  The  location  o 
these  streams  will  be  better  understood  by  referring  to  the  accom 
panying  sketch  map,  fig.  5. 

In  addition  to  the  four  principal  streams  above  described,  one  other 
Kenai  River,  should  be  mentioned,  since  some  gold  has  been  produce( 
on  one  of  its  tributaries,  Cooper  Creek.  Kenai  River,  the  larges 
stream  on  Kenai  Peninsula,  empties  into  Cook  Inlet.  The  uppe] 
part,  known  as  Snow  River,  rises  in  the  watershed  between  Resurrec 
tion  Bay  and  Prince  William  Sound  and  empties  into  Lake  Kenai 
From  the  foot  of  Lake  Kenai  the  river  runs  in  a  general  westerly 
direction  for  15  miles  to  Lake  Skilak,  whence  it  flows  on  again  to  th< 
inlet,  thus  crossing  the  entire  peninsula.  The  upper  part  of  the  river 
from  Lake  Skilak  to  the  source,  lies  in  a  country  of  rugged  mountains 
but  the  lower  river  flows  in  a  winding  course  across  a  broad,  marsh] 
flat.  Cooper  Creek  drains  a  small  body  of  water  called  Cooper  Lake 
It  is  about  10  miles  long  and  flows  into  Kenai  River  from  the  south 
3  miles  below  the  Kenai  Lake. 

The  region  adjacent  to  Turnagain  Arm  is  very  rugged.  Mountain* 
rise  precipitously  on  both  sides  of  the  arm  and  reach  altitudes  of  5,00( 
and  6,000  feet.  Their  tops  are  ragged  and  bare,  for  the  timber  rare! 
reaches  higher  than  1,500  or  2,000  feet.     The  smaller  valleys  are  nar 
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ow  and  steep,  but  the  larger  ones  frequently  show  by  their  U-shaped 
toss  section  the  former  presence  of  glaciers.  In  fact,  glaciers  may 
>e  still  seen  at  a  number  of  places.  Chief  among  them  are  Portage 
jlacier,  occupying  the  pass  between  the  head  of  Turnagain  Arm  and 
3ortage  Bay,  and  the  two  neighboring  glaciers  on  Glacier  River  and 
?wentymile  Creek.  Besides  these  there  are  several  smaller  ones  on 
ributaries  of  Glacier  Creek. 

The  towns  of  Hope  and  Sunrise  are  the  distributing  points  from 
rhich  supplies  of  all  kinds  are  carried  to  the  creeks  of  the  Turnagain 
Lrm  field.  A  small  steamer,  the  Tyonic,  connects  with  the  larger 
>cean-going  vessels  at  Seldovia,  on  the  southern  end  of  Kenai  Penin- 
ula,  bringing  mail  and  freight  to  the  towns  in  the  Cook  Inlet  region. 
?his  steamer  makes  no  trips  during  the  winter,  for  the  ice  prevents 
tavigation  in  the  upper  part  of  the  inlet  during  about  five  months  in 
he  year.  It  is  customary  to  carry  in  supplies  for  the  camps  over  the 
now  in  winter,  when  traveling  is  far  less  difficult  than  in  summer. 
?he  country  is  heavily  timbered  up  to  an  altitude  of  1,500  or  2,000 
eet.  This  timber  is  chiefly  spruce,  but  comprises  a  minor  amount  of 
lemlock,  cotton  wood,  and  birch.  Spruce  and  hemlock  reach  a  diam- 
iter  of  20  inches  or  more  and  furnish  some  lumber  for  the  purposes 
>f  the  miner.  One  or  two  sawmills  have  been  constructed  to  supply 
his  demand. 

The  line  of  the  Alaska  Central  Railroad,  now  in  course  of  construc- 
ion,  runs  northward  from  Resurrection  Bay,  by  way  of  Salmon 
>eek,  Snow  River,  Trail  Creek,  and  Glacier  River,  to  the  eastern 
nd  of  Turnagain  Arm,  then  westward  along  the  north  shore  to  Knik 
krm.  It  will  not,  therefore,  reach  the  mining  camps  adjacent  to 
lope  and  Sunrise,  but  will  furnish  a  much  easier  method  of  landing 
upplies  on  Glacier  Creek  than  is  now  possible. 

GEOLOGY. 

The  eastern  portion  of  Kenai  Peninsula  and  the  region  about  the 
lead  of  Turnagain  Arm  present  a  succession  of  rocks,  which  as  a 
yhole  are  of  remarkably  uniform  appearance  and  composition.  The}r 
,re  of  sedimentary  origin  and  consist  chiefly  of  fine-grained  gray  and 
)luish-black  slates  and  gray  arkoses.  Lnterstratified  with  these,  but  in 
ar  less  amount,  are  quartzose  beds  and  occasional  thin  conglomerates, 
n  a  few  places  north  of  Turnagain  Arm  this  series  of  rocks,  called  by 
^endenhall"  the  Sunrise  series,  is  cut  by  dikes  of  igneous  rock  of  an 
/plitic  or  granitic  character.  These  igneous  rocks  were  not  found  in 
he  region  immediately  south  of  the  arm,  and  while  the  bowlders  of 
granitic  material  seen  in  the  gravels  might  suggest  the  presence  of 
gneous  intrusions,  it  is  believed  that  if  intrusive  rocks  occur  here  at 


a  Mendenhall,  W.  C,  A  reconnaissance  from  Resurrection  Bay  to  the  Tanana  River,  Alaska,  in 
198:  Twentieth  Ann.  Rept,  U.  S.  Geol.  Survey,  pt.  7, 1898,  p.  305. 
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•ill  iin\  will  be  found  «'iil\  in  rare  dikes.     The  whole  rock  succession 
i    ,  i,.  ,i\  folded,  and  the  arkoses  as  well  as  I  li<'  slates  show  clem  agel 
which  i  .  however,  much  more  porfectlj  developed  in  the  slates. 

In  ,  i,.  in-'  Kenai  Peninsula  Prom  Resurrection  Bay  <>n  the  south  to 
Sunrise  on  the  north  il  was  found  that,  aside  from  Local  variations! 
the  general  strike  of  the  Sunrise  series  ranges  from  about  N.  to 
\  {)  i  North  of  L\irnagain  Arm  a  decided  difference  was  observed! 
for  there  the  strike  of  the  bedding  varies  from  N.  l.">    E.  to  N.  70    K. 

In  that  portion  of  the  Kenai  Mountains  between  Seward  and  Sunl 
the  bedding  is  often  obscure,  usually  having  the  same  strike  as 
the  cleavage.  On  the  north  shore  of  the  arm.  however,  the  bedding] 
and  cleavage  frequently  do  not  have  the  same  strike,  and  where  thisJ 
is  tin1  case  tln>  cleavage  on  both  sides  o(  tlm  arm  corresponds  more] 
nearly  in  strike  than  does  tin1  bedding.  Faults  are  frequent,  but  the 
amount  of  the  displacement  is  usually  difficult  to  determine. 

Immense  deposits  ^(  gravel  occur  at  a  number  oi  localities,  but  ar 
especially  noticeable  in  the  valleys  ^(  Sixmile  Creek,  Resurrectiod 
Creek,  and  Kenai  River,  The  flat  topped  benches  have  an  elevation 
o\  nearly  l,ooo  feet  above  sea  level  around  the  lowerend  oi  Lake 
Kenai,  and  the  same  elevation  was  observed  in  the  valleys  of  the 
streams  mentioned.  The  bench  gravels  show  a  thickness  o(  L00to2(M 
feet  in  the  upper  valleys,  where  the\  have  been  cut  through  by  the 
streams. 

E\  idences  oi  a  former  period  o(  glacial  activity  are  seen  on  all  side 
in  broad  bottomed  U-shaped  valleys,  polished  roek  surfaces,  an< 
transported  bowlders.  The  shores  of  Turnagain  Arm  afford  freques 
proof  y'(  ice  action  in  glacial  markings  and  striated  pebbles.  Hanging 
\  alleys  are  not  uncommon.  Rounded  hilltops,  oxer  a  thousand  fee 
above  sea  level,  on  the  north  side  o(  Lake  Skilak.  are  beautiful! 
smoothed  and  grooved,  while  the  gravels  of  the  lake  shores  contain  ai 
abundance  of  granite  fragments.  Such  fragments  are  not  found  oi 
any  o(  the  streams  of  the  present  drainage  and  must  have  come  from 
some  locality  to  the  north.  This  glaciation  is  due  in  part  to  the  actio 
of  small  ice  masses  like  those  that  now  occupy  the  mountain  valleys 
but  is  perhaps  in  greater  degree  attributable  to  the  movements  of 
far  more  extended  ice  sheet  which  reached  down  from  the  north. 

GOLD. 

Practically  all  the  gold   produced  in  the  Turnagain  Arm  field  i 

k  gi  .  •  els.     In  one  or  two  places,  however,  attempt 

2T  mad  .       lop  mines  in  vein  deposits.     The  gold  occui 

fore,  will  be  classified  and  described  as  placer  and  lod 

-    -      In  this  brief  account  no  mention  will  be  made  of  stream 

e  not  producing  during  the  past  season. 
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PLACES    DEPOSIT 

The  known  placer-gold  deposits  of  commercial  value  are  confined 
geographically  to  three  small  areas,  the  valleys  of  Resurrection,  Six- 
nile,  and  Glacier  creeks.  It  may  be  said  in  general  that  the  gravels 
ire  much  alike  in  composition,  are  due  partly  to  local  erosion  and 
>artly  to  transportation  by  glacial  ice,  and  contain  a  very  large  pro- 
portion of  coarse  material  -rounded  and  angular  blocks  which  occa- 
sionally have  diameters  as  great  as  H  or  10  feet. 

Pick  and  shovel  mining  has  gradually  given  place  to  hydraulic  meth- 
>ds,  by  which  nearly  all  work  is  now  carried  on.  During  the  past 
summer,  owing  to  frequent  rains  and  the  gradual  melting  of  the  snow 
>n  the  mountains,  the  water  supply  was  abundant,  and  no  complaints 
)f  water  famine  were  heard.  A  head  of  150  to  200  feet  has  been 
secured  with  little  difficult}'  and  expense  on  any  of  the  creeks  where 
nining  is  now  carried  on. 

RESURRECTION    CREEK    DISTRICT. 

Considerable  mining  has  been  done  on  Resurrection  Creek  itself, 
)ut  at  present  the  producing  streams  of  the  district  are  Bear  Creek 
md  Palmer  Creek. 

Bear  Creek. — Bear  Creek  was  first  worked  in  1894  and  is  therefore 
)ne  of  the  best  known  streams  of  the  held.  It  occupies  a  steep,  nar- 
■ow  valley  in  the  high  divide  between  Resurrection  and  Sixmile  creeks 
md  joins  Turnagain  Arm  just  east  of  the  town  of  Hope.  The  bed 
*oek  shows  a  succession  of  slates  and  arkoses,  whose  strike  is  nearly 
it  right  angles  to  the  general  course  of  the  creek.  The  gravels  con- 
sist chiefly  of  material  like  the  bed  rock,  but  contain  some  foreign 
natter,  much  of  which  is  granitic  in  character.  They  are  in  general 
>ut  poorly  stratified. 

The  gold  is  associated  with  a  small  amount  of  native  silver.  It  is 
•oarx-  and  smooth  and  of  lower  grade  than  any  other  of  the  Resur- 
'ection  district.  The  best  pay  is  from  bed  rock,  which  is  sometimes 
i  glacial  clay.     One  nugget  worth  over  $200  was  found. 

Mining  is  confined  to  the  stream  bed  and  until  the  last  two  years 
jas  been  carried  on  chiefly  with  pick  and  shovel.  At  present  there 
ire  two  hydraulic;  plants  on  the  creek,  only  one  of  which  was  working 
luring  the  season  just  ended. 

Palmer  Greek. — Palmer  Creek,  the  largest  tributary  to  Resurrection 
Jreek,  is  the  only  one  that  produced  any  gold  during  the  last  season. 
the  upper  stream  flows  through  a  broad  valley,  while  the  lower  per- 
son occupies  a  narrow,  box-like  canyon  cut  partly  in  rock  and  partly 
n  the  gravel  terraces  of  Resurrection  Creek.  Most  of  the  mining  is 
jlone  along  the  lower  canyon  portion  of  the  valley-  The  bedrock  is 
argcly  grit  (arkose)  interbedded  with  slates  and  is  very  much  jointed. 
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The  gravels  now  being"  worked  do  not  differ  in  any  marked  way 
from  those  of  Bear  Creek,  excepting  that  they  seem  to  contain  a 
smaller  percentage  of  granitic  bowlders  and  other  foreign  material. 
The  lower  gravels  are  partly  stratified. 

Palmer  Creek  gold  is  coarse  and  heavy,  usually  much  flattened  and 
smooth,  and  passes  at  $16  per  ounce  at  the  stores.  Pieces  of  silver 
weighing  as  high  as  one  pennyweight  were  seen,  and  a  small  amount  of 
black  sand  is  also  found  in  the  boxes.  Two  hydraulic  plants  were  in 
operation  during  the  summer,  but  their  efficiency  is  not  great  owing 
to  the  large  number  of  bowlders  which  can  not  be  handled  by  the  pipe- 
and  must  be  removed  by  hand.  Probably  less  than  100  yards  a  day  \ 
are  moved  by  either  of  these  plants. 

SIXMILE    CREEK    DISTRICT. 

Sixmile  Creek,  while  only  a  few  miles  east  of  Resurrection  Creek,  isj 
cut  off  from  it  by  a  high  ridge  which  can  not  be  crossed  without  great 
difficulty,  except  in  a  few  places.     The  chief  producing  streams  belong 
ing  to  the  Sixmile  drainage  system  are  Canyon  Creek  and  its  eastern: 
tributary,  Mills  Creek. 

Canyon  Creek. — Throughout  the  greater  part  of  its  length  Canyon 
Creek,  the  south  fork  of  Sixmile  Creek,  flows,  as  its  name  implies,  inl 
a  deep,  narrow  canyon.  This  canyon  cuts  through  rock  as  well  asj 
gravel  and  is  over  100  feet  deep  in  many  places.  It  is  plainly  a  young] 
feature  of  the  topography  and  not  the  original  channel  of  the  stream? 
that  drained  the  upper  valley. 

The  bed  rock  consists  of  slates  andnrkoses.  The  gravels  are  of  like 
composition,  and  in  places  on  the  benches  have  been  consolidated  into] 
a  bard  conglomerate,  known  locally  as  u  cement  gravel."  Few  granite? 
bowlders  were  seen  in  the  Sixmile  region. 

The  stream  gravels,  which  are  the  principal  ones  worked,  are  shal- 
low. The  gold  values  are  taken  from  bed  rock  and  are  often  concen-j 
trated  in  rich  pockets,  where  they  were  deposited  in  eddies  and  more 
quiet  stretches  of  the  water. 

Canyon  Creek  gold,  especially  in  the  lower  part  where  it  joins  the 
East  Fork,  is  finer  than  that  from  Bear  and  Palmer  creeks  and  is  of 
higher  grade,  assaying  over  $17  per  ounce. 

The  narrow  channel  and  swift  current  makes  the  ground  difficult  to 
handle.  Wing  dams  are  necessary  in  all  cases  and  are  liable  to  be  caifl 
ried  away  in  time  of  high  water,  an  accident  not  uncommon  during 
the  days  of  greatest  mining  activity  on  the  stream.  At  present  one 
hydraulic  plant  is  at  work  on  bench  gravels  above  the  stream  and  a; 
second  is  working  ground  near  the  mouth  of  Mills  Creek. 

Mills  Creek. — Mills  Creek  was  the  first  stream  staked  in  the  Sixmile 
region.  It  joins  Canyon  Creek  8  miles  south  of  "the  forks"  of  Six-'; 
mile  Creek  and  drains  a  portion  of  the  high  mountainous  area  east  oh 
Canvon  Creek. 
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That  portion  of  the  creek  which  has  been  most  productive  lies  in  a 
narrow  canyon,  three-quarters  of  a  mile  long-,  extending  from  the 
mouth  of  the  stream  to  Juneau  Creek.  The  bed  rock  and  gravels  are 
similar  to  those  of  Canyon  Creek,  and  high  gravel  benches  are  also 
present  here.  The  creek  bed  through  the  canyon  has  been  largely 
worked  over  and  has  afforded  a  considerable  amount  of  gold,  making 
:his  stream  second  to  Canyon  Creek  in  production.  In  places,  in  addi- 
ion  to  the  loose  deposits,  a  hard  "cement  gravel,"  containing  gold, 
las  been  formed,  but  has  not  yet  been  very  successfully  worked  by 
lydraulic  methods  because  it  is  difficult  to  break  up.     The  gold  in  the 

cement  gravel"  is  flattened  and  considerably  finer  than  the  coarse, 
leav}^  gold  found  on  bed  rock.  Nuggets  worth  several  dollars  are 
lot  uncommon  in  the  coarser  gold,  and  sometimes  show  striations,  as 
f  they  had  been  dragged  over  a  rough  surface.  All  mining,  till 
vithin  the  last  two  years,  was  done  by  hand,  but  at  present  a  hydraulic 
)lant,  employing  only  natives  as  laborers,  is  in  operation  near  the 
nouth  of  Juneau  Creek. 

GLACIER   CHEEK    DISTRICT. 

Crow  Creek. — Crow  Creek,  on  the  north  side  of  Turnagain  xVrm,  is 
,  tributary  of  Glacier  Creek.  It  is  a  short  stream,  -t  or  5  miles  long, 
nd  receives  part  of  its  waters  from  the  melting  ice  of  one  or  two 
mall  glaciers  in  the  high  mountains  at  its  head.  The  central  part  of 
he  stream  occupies  a  broad,  rounded  valley,  but  the  lower  part  Hows, 
l  a  series  of  rapids  and  waterfalls,  through  a  narrow  can}Ton.  The 
alley  of  Crow  Creek  is  plainly  the  bed  of  an  old  glacier,  whose  retreat 
ift  the  valley  floor  strewn  with  a  mass  of  debris  brought  down  from  the 
lountains  above.  The  bed  rock  is  made  up  of  slates  and  arkoses. 
'he  gravels  are  of  the  same  material,  but  contain  in  addition  a  large 
mount  of  granitic  rock.  Enormous  bowlders  have  been  deposited 
i  the  valley  by  the  ice  and  at  one  place  form  a  long  reef  across  the 
alley,  evidently  an  old  terminal  moraine.  High  gravel  banks  are 
resent  on  both  sides  of  the  stream  and  carry  some  colors,  but  have 
ever  been  prospected.  A  cross  section  of  the  surface  deposits  in  the 
bream  channel  shows  coarse,  angular  wash  above  and  stratified  clays, 
mds,  and  gravels  below.  The  sands  carry  only  a  few  colors,  and  the 
est  pay  comes  from  the  gravelly  clays. 

Two  grades  of  gold  are  found;  one  is  coarse  and  silvery  in  appear- 
:ice,  the  other  finer  and  yellow.  Native  copper  and  native  silver  are 
oth  present.  Crow  Creek  gold  assays  a  little  less  than  $15  per  ounce, 
ms  being  lower  in  grade  than  that  from  any  of  the  other  creeks  of 
le  Turnagain   Arm    district.     Hydraulic  methods  of    mining   have 

ken  the  place  of  the  pick  and  shovel,  and  Crow  Creek  now  possesses 
le  largest  hydraulic  plant  in  the  Cook  Inlet  country. 
Bull.  259—05 7 
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COOPER    AND    STETSON    CREEKS. 

Cooper  Creek  heads  in  the  divide  separating  the  drainage  into; 
Resurrection  Bay  from  that  into  Cook  Jnlet,  and  joins  Kenai  River i 
3  miles  below  Lake  Kenai.  It  and  its  tributary,  Stetson  Creek,, 
are  the  only  streams  of  the  Kenai  River  drainage  which  have  been 
productive  up  to  the  present  time,  although  considerable  work  has 
been  done  in  a  number  of  places.  The  high  gravel  benches  near  the 
mouth  of  the  stream  would  make  good  ground  for  a  hydraulic  plant 
to  handle,  but  the  gold  is  very  unevenly  distributed,  and  the  amount  soi 
far  taken  out  is  small — not  over  a  few  thousand  dollars — and  most  on 
it  was  obtained  from  the  creek  bed  of  a  single  claim  in  one  season.! 
Very  little  work  was  done  on  either  of  these  creeks  during  the  past 
summer. 

CHARACTER    AND    ORIGIN    OF   THE   PLACER    GOLD. 

The  gold  from  the  different  creeks  varies  greatly  in  appearance  and 
value,  ranging  from  less  than  $15  on  Crow  Creek  to  over  $17  on  Six- 
mile  Creek.  This  difference  in  value  is  due  to  the  varying  amounts  on 
silver  and  copper  associated  with  the  gold.  In  almost  all  cases  it  is 
flattened  and  heavy,  usually  smooth,  and  occasionally  striated  as  if  it 
had  been  rubbed  against  a  rough  surface.  Any  attempt  to  explain  its 
distribution  must  take  into  account  the  action  of  glacial  ice  in  the 
transportation  and  rearrangement  of  the  gravels.  It  is  believed  that] 
while  probably  most  of  the  gold  is  of  local  origin,  a  small  part,  likq 
the  gravels  associated  with  it,  may  possibly  have  been  brought  to  its 
present  place  through  the  agency  of  moving  ice. 

AURIFEROUS   LODES. 

It  has  been  said  that  practically  all  the  gold  is  obtained  from  placer 
deposits,  but  at  a  number  of  localities  quartz  veins  are  being  pros- 
pected, and  these  are  of  interest  in  connection  with  the  question  of  the 
origin  of  the  gold  in  the  gravels. 

Bear  Creek. — -At  the  head  of  Bear  Creek  a  small  quartz  vein  carry- 
ing gold  values  has  been  partly  opened  during  the  last  year.  The 
chief  part  of  the  season  was  devoted  to  the  erection  of  a  boiler  house 
and  head  frame,  but  samples  of  ore  taken  out  while  enlarging  a  small 
shaft  show  free  gold  in  a  quartz  gangue  containing  pyrite,  galena,  an< 
sphalerite  with  a  little  copper  stain. 

Sawmill  and  Slate  creeks. — On  Sawmill  Creek  6  miles  east  of  Sun 
rise,  also  near  by  on  Slate  Creek  and  the  shore  of  Turnagain  Arm 
quartz  veins  carrying  pyrite,  arsenopyrite,  chalcopyrite,  galena,  zin( 
blende,  and  free  gold  are  found  in  fault  planes  running  about  easi 
northeast.  The  country  rock  has  been  disturbed  by  faulting  since  th 
ore  was  deposited,  thus  cutting  off  the  veins  and  making  it  difficult  to 
tind  their  continuations.  A  picked  quantity  of  ore  put  through  si 
small  arrastre  on  Sawmill  Creek  yielded  a  fraction  over  $26  per  ton.  i 
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COPPER. 

Native  copper  associated  with  gold  in  the  gravels  was  found  in  small 
uantity  by  prospectors  on  Lynx  Creek.  Its  presence  led  to  the  dis- 
overy  of  the  outcrop  of  a  vein,  currying  copper  sulphides,  on  the 
aountain  side  at  the  head  of  the  stream.  During  the  summer  a  com- 
>any  was  formed,  and  the  woik  of  developing  the  property  was  begun. 
Ln  adit  level  was  driven  with  the  expectation  of  striking  an  ore  body 
,t  some  depth  below  the  outcrop,  but  at  the  time  our  party  left  the 
)eninsula  this  had  not  yet  been  reached.  If  this  prospect  should 
levelop  into  a  paying  mine,  connection  with  the  line  of  the  Alaska 
Central  Railroad  could  be  established  without  great  difficulty. 


GOLD  DEPOSITS  OF  THE  SHUMAGIN  ISLANDS. 


By  George  C.  Martin. 


APOLLO  CONSOLIDATED  MINE. 

Locution  and  out  pat. — The  Apollo  Consolidated  mine  is  situated 
near  the  southern  end  of  Unga  Island,  about  3  miles  west  of  the  town 
of  Unga  and  1  mile  west  of  the  head  of  Delarof  Harbor.  The  post-; 
office  is  Apollo.  The  mine  has  been  producing  since  1801,  and  has 
yielded  a  total  of  between  $2,000,000  and  $3,000,000. 

Previous  work.—  The  occurrence  was  described  by  Becker a  in  1898. j 
The  writer  visited  the  mine  in  1904,  and  gathered  a  few  additional 
facts  concerning  the  occurrence  and  the  geology  of  the  region. 

Character. — The  deposit  is  described  by  Becker  as  a  reticulated  veirl 
or  zone  of  fracture  in  a  large  mass  of  andesite  and  dacite.     The  ores 
consist  of  free  gold,  pyrite,  galena,  zinc  blende,  copper  pyrite,  and* 
and  native  copper.     The  ore  is  free-milling,  a  large  part  of  the  gold 
occurring  in  the  native  state.     The  gangue  minerals  are  quartz  and 
subordinate  amounts  of  calcite  and  orthoclase.     The  ore  body  strikes 
N.  4:3°  E.  and  is,  in  general,  vertical.     It  is  from  5  to  40  feet  wide  ancj 
forms  a  shoot  that  pitches  northward.     The  southern  end  of  the  shoot 
comes  to  the  surface  at  an  elevation  of  600  feet  at  the  present  south- 
ern limit  of  the  workings,  and  narrows  and  becomes  of  low  grade  at 
the  northern  end  at  a  depth  of  about  800  feet.     An  attempt  is  now  being 
made  to  reach  the  ore  body  at  lower  levels  by  a  shaft  and  tunnel. 

The  best  ore  bodies  are  said  by  the  management  to  occur  wherever 
two  diagonal  sets  of  fractures  intersect.  The  profitable  ore  is  said  to 
carry  from  $1  to  $50,  averaging  perhaps  $8. 

The  country  rock  has  been  mineralized  to  a  certain  extent  on  either 
side  of  the  main  ore  body,  and  smaller  and  less  rich  ore  bodies  parallel 
to  the  main  one  are  known. 

Age. — Regarding  the  age  of  the  deposit,  Doctor  Becker  concludes 
that  the  country  rock  is  Miocene  or  post-Miocene,  from  its  lithologic 
similarity  to  andesites,  which  are  supposed  to  overlie  the  Miocene  at. 
the  north  end  of  the  island.  He  would  accordingly  make  the  mineral 
veins  of  very  late  Tertiaiy  of  post  Tertiary  age. 

The  writer  has  observed  that  some  at  least  of  the  andesites  at  the 
north  end  of  the  island  are  apparently  below  the  Tertiary  sediments 
either  by  unconformity  or  by  intrusion.  He  furthermore  believes 
that  lithologic  similarity  of  the  andesites  is  an  insufficient  basis  for  an 

a  Becker,  G.  F.,  Reconnaissanci  of  the  gold  fields  of  southern  Alaska:    Eighteenth  Aim. Kept.  U.S. 
Geol.  Survey,  pt.  3,  pp.  12,  83-85. 
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iofe  correlation  across  11  miles  of  rushed  country  which  is  ofeoloedc- 
illy  unknown.  Such  correlation  is  especially  hazardous  in  view  of 
the  fact  that  on  the  adjacent  mainland  of  the  Alaska  Peninsula  there 
ire  large  areas  of  both  Mesozoic  and  Tertiary  andesites  which  resem- 
ble the  andesites  of  both  these  Unga  localities  as  much  as  the  latter 
resemble  each  other.  He  therefore  would  conclude  that  the  Apollo 
ieposits  may  be  either  of  late  Mesozoic  or  of  Tertiary  ago. 

NEIGHBORING  DEPOSITS. 

The  King  mine,  about  half  a  mile  north  of  the  Apollo  mine,  has  pro- 
luced  a  small  amount  of  gold.  The  occurrence  is  said  to  be  similar  to 
:hat  of  the  Apollo  and  is  believed  to  be  on  the  same  lead,  for  it  is  in 
;he  line  of  strike  of  the  latter. 

The  Shumagin  group  of  claims,  on  Baralof  or  Squaw  Harbor,  about 
I  miles  north  of  the  Apollo  mine,  is  said  to  be  a  similar  occurrence, 
rhe  development  here  has  been  principally  assessment  work. 

Becker  reports  intensely  decomposed  andesites,  heavily  charged 
vith  pyrite,  at  Red  Cove  on  Popof  Island,  about  9  miles  northeast  of 
\pollo. 

The  larger  part  of  Unga  Island  is  made  up  of  similar  andesites  and 
iacites,  and  evidences  of  mineralization  have  been  seen  by  the  writer 
it  various  and  widely  scattered  places.  So  far  as  they  have  been 
examined  by  the  writer  none  of  these  rocks  contain  workable  amounts 
)f  gold. 

SAND   POINT  BEACH   PLACERS. 

The  beach  sands  near  Sand  Point,  on  Popof  Island,  were  washed  for 
rold  during  the  summer  of  1901.  The  exact  locality  is  about  1|  miles 
outh  of  Sand  Point  post-office  and  just  south  of  the  low  sand  spit 
u'ojecting  into  Popof  Strait.  The  productive  beach  is  about  three- 
burths  of  a  mile  long.  The  amount  of  gold  taken  out  during  the 
months  of  July  and  August  is  estimated  at  about  $5,000.  From  20  to 
:0  men  have  been  at  work  with  rockers  washing  the  coarse  sand  and 
gravel.  All  of  the  gold  is  found  below  mid  tide  and  most  of  it  around 
rig  stones  at  the  level  of  low  tide.  It  is  said  that  most  of  the  men 
tiake  about  $4  a  day,  but  a  few  have  clone  much  better  than  this.  The 
ocal  price  for  gold  in  September,  1901,  was  $18.75  per  ounce,  which 
s  said  to  be  considerably  below  the  actual  value.  The  gold  hitherto 
obtained  is  fairly  coarse,  the  finer  dust  probably  having  been  lost 
hrough  the  inexperience  of  the  men,  who  are  largely  fishermen. 

The  gold  is  undoubtedly  derived  from  neighboring  mineralized 
ones  in  the  andesites,  which  make  up  the  greater  part  of  this  and 
Jnga  Island.  The  deposits  known  at  present  to  be  gold  bearing  are 
estricted  to  the  low-tide  level  of  about  three-fourths  of  a  mile  of 
>each.  Other  similar  deposits  will  doubtless  be  found  on  the  adjacent 
hores. 


AURIFEROUS  QUARTZ  VEINS  ON  UNALASKA  ISLAND. 


By  Arthur  J.  Collier. 


INTRODUCTION. 

Unalaska  Island,  of  the  Aleutian  chain,  lies  west  of  and  near  one  of 
the  most  frequented  routes  from  the  Pacific  Ocean  to  Bering  Sea  and  isj 
important  chiefly  for  its  splendid  natural  harbor,  on  which  are  located 
the  two  coaling  and  trading  stations,  Dutch  Harbor  and  Unalaskaj 
Several  years  ago  an  unsuccessful  attempt  was  made  to  develop  and 
mine  some  gold-bearing  quartz  veins  near  the  village  of  Unalaska.  A 
three-stamp  mill  and  a  cable  tramway  to  connect  the  mill  with  the  mine 
were  erected,  but  these  are  now  in  a  state  of  ruin.  This  locality  is  so| 
accessible  and  so  conveniently  situated  with  regard  to  the  harbor  that 
a  very  low-grade  ore  could  have  been  handled  at  a  profit.  Although 
this  deposit  is  not  thought  to  be  of  economic  value,  the  following  descrip- 
tion of  the  old  workings,  which  is  based  on  a  hasty  examination  made 
by  the  writer  last  summer,  is  given,  in  order  that  this  mine  may  he 
compared  with  the  gold  mines  of  Unga  Island,  described  by  Martin, 
and  also  to  indicate  the  possibilit}^  that  valuable  gold-bearing  deposits 
may  occur  in  the  Aleutian  Islands.  Quartz  veins  of  economic  value 
are  reported  by  prospectors  on  several  of  the  islands  farther  west. 

TOPOGRAPHY. 

The  topography  of  Unalaska  Island  is  rough  and  irregular.  Mount 
Makushin,  its  highest  mountain,  is  over  6,000  feet  high.  Except  for 
a  few  small  gravel  plains  which  fringe  some  of  the  bays  the  hills  and 
mountains  rise  directly  from  the  water  and  there  is  practically  no  level 
ground. 

GEOLOGY. 

The  hard  rocks  of  the  islands  are  volcanic  and  consist  of  interbedded 
tuffs  and  flows  that  are  cut  by  numerous  dikes.  The  most  common 
rocks  are  dark-gray  andesites.a  That  some  of  these  rocks  were 
erupted  in  the  Tertiary  period  is  proved  by  fossil  plant  remains  con- 
tained in  the  tuffs/'  Volcanic  activity  has  persisted  to  the  preserB 
time  in  Mount  Makushin,  which  still  has  occasional  eruptions. 

"Emerson,  B.  K.,  Harriman  Alaska  Expedition,  vol.,  6,  Geology,  1904,  p.  29. 

bDall  and  Harris.  Correlation  Papers— Neocene:  Bull.  U.  S.  Geol.  Survey  No.  84,  1892,  pp.  242-2« 
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QUARTZ  VEINS. 

South  of  Dutch  Harbor  for  several  miles  the  rocks  arc  cut  by  a 
>ystem  of  nearly  vertical  joint  planes  which  extend  approximately 
iast  and  west.  Mineralization  has  occurred  along  these  joints,  and  in 
ome  instances  quartz  veins  have  been  formed.  Several  such  quartz 
reins  are  exposed  in  the  bluff  west  of  Unalaska,  where  they  have  been 
prospected  by  short  tunnels.  The  best  example,  however,  is  found  at 
he  gold  mine  located  1£  miles  south  of  Unalaska  and  about  a  quarter 
>f  a  mile  from  the  shore  of  Captains  Bay,  where  a  number  of  small 
Aeins  of  this  kind  are  contained  in  compact  gray  andesite.  The  largest 
)f  these  forms  the  main  ore  body  of  the  mine  and  has  been  opened  for 
ibout  200  feet.  It  has  a  maximum  width  of  6  or  7  feet,  but  thins  out 
n  both  directions  fiom  the  widest  part  and  at  the  ends  of  the  tunnels 
s  not  over  1  or  2  feet  wide.  The  samples  obtained  here  consist  of 
vaolin  and  cellular  quartz,  heavily  stained  with  iron  in  the  form  of 
imonite.  Samples  obtained  on  the  dump  and  around  the  mill  indicate 
/hat  a  considerable  portion  of  the  ore  originally  contained  unweathered 
Dyrite  and  other  sulphide  minerals.  A  sample  taken  by  the  writer 
Tom  the  face  of  the  drift  at  the  principal  ore  body  was  assayed  by 
S,  E.  Burlingame  &  Co.,  of  Denver,  who  report  .02  ounce  of  gold  to 
he  ton  and  a  trace  of  silver.  It  is  reported  that  before  the  mill  was 
milt  assays  promised  very  high  values,  which  were  not  realized  from 
ihe  ore  when  milled. 

DEVELOPMENT. 

The  main  tunnel  runs  east  from  the  entrance  about  20  feet,  then 
urns  south,  crosscutting  the  joint  system.  The  principal  ore  body  of 
he  mine,  which  is  developed  by  short  drifts,  is  crosscut  about  50  feet 
rom  this  turn,  but  the  tunnel  is  continued  southward  about  100  feet 
arther  to  a  well-defined  but  apparently  little  mineralized  joint  run- 
ling  east  and  west,  which  it  follows  east  for  several  hundred  feet.  At 
ihe  end  of  this  distance  there  is  a  crosscut  to  the  north  which  prob- 
ibly  falls  a  little  short  of  reaching  the  line  of  the  extension  of  the 
nain  ore  body.  A  few  prospectors  were  on  the  ground  in  1904,  pre- 
paring to  resume  work  in  the  mine  with  a  view  to  determining  (he 
xtension  of  the  main  ore  body. 
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By  L.  M.  Prindle  and  F.  L.  Hess. 


GENERAL  STATEMENT. 

Previouswork. — The  Rampart,  Birch  Creek,  Fortymile,  and  Fairbanks 
regions  are  the  four  important  centers  of  gold  production  in  that  por-I 
tion  of  the  interior  of  Alaska  which   is  included  between  the  Yukon 
and  Xanana  rivers.     All  of  these  regions  have  been  visited  at  differ- 1 
ent  times  by  parties  from  the  United  States  Geological  Survey,  and 
the  results  of  the  work  in  the  Rampart  region  are  presented  in  reports 
which  have  been  published,  or  are  in  course  of  publication  by  the  Sur-j 
veya.     It  was  in  the  course  of  a  geologic  reconnaissance  trip  overland 
from  Eagle,  by  way  of  Fairbanks  to  Rampart,  during  the  field  season 
of  1904,  that  the  facts  which  form  the  basis  of  this  short  description 
were  ascertained. 

Location. — The  Rampart  region  is  in  the  far  western  portion  of  thel 
Yukon-Tanana  country,  where  the  distance  between  the  two  rivers  inj 
a  north-south  direction  is  only  about  50  miles.     It  is  140  miles  west  of 
the  Birch  Creek  region  and  80  miles  northwest  of  the  Fairbanks  region. 
The  creeks,  which  have  thus  far  proved  to  be  of  economic  importance,! 
are  all  within -about  30  miles  of  the  Yukon,  and  belong  to  the  drain- 
age systems  of  both  the  Yukon  and  Tanana  rivers.     Rampart,  the  sup-I 
ply  point,  is  situated  on  the  Yukon  River,  about  70  miles  above  the 
mouth  of  the  Tanana. 

Communication  and  transportation  facilities. — A  government  telel 
graph  station  affords  rapid  communication   with  other   portions   of 
Alaska  and  the  outside  world,  and  supplies  are  received  either  by  waw 
of  St.  Michael  or  Dawson.     Those  shipped  by  way  of-  Dawson  reach 
the  region  earlier  in  the  spring,  as  the  upper  river  is  first  open  to 
navigation.     The  first-class  passenger  rate  during  the  past  season  f  roiia 

aSpurr,  J.  E.  Geology  of  the  Yukon  gold  district,  Alaska:  Eighteenth  Ann.  Rept.  U.  S.  Geol.  Sur- 
vey, pt.  3,  1898,  pp.  87-392. 

Collier,  A.  .1.  The  Glenn  ('nek  gold  mining  district,  Alaska:  Bull.  TT.  S.  Geol.  Survey  No.  21:5,  1903,'- 
19  56. 

Brooks.  A.  If.,  A  reconnaissance  in  the  Mount  McKinley  region,  Alaska.     In  preparation. 
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Seattle  to  Rampart  by  way  of  St.  Michael  was  $127.50;  that  by  way  of 
Dawson,  $111.     The  freight  rates  vary  greatly,  according  to  the  kind 


Fig.  6.— Sketch  map  <>i  the  Ramparl  placer  region, 

f  material  and  time  of  the  year.  The  approximate  rates  on  ordinary 
applies  by  way  of  St.  Michael  and  Dawson,  respectively,  were  $57 and 
106  a  ton'. 
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In  the  winter  transportation  to  the  creeks  is  either  by  dog  or  horse 
sleds,  the  rates  varying  from  2  to  6  cents  a  pound  according  to  the 
distance.  In  the  summer  pack  horses  are  used,  and  the  rates  vary 
from  4  to  15  cents  a  pound.  The  summer  trails  are  generally  bad  and 
remain  in  about  tbe  same  condition  from  year  to  year. 

Mining  activity.  —The  region  has  produced  gold  continuously  since 
L896.  New  discoveries  have  been  made  from  time  to  time,  and  the 
discovery  of  good  pa}T  in  a  new  locality  during  the  past  }7ear  shows! 
the  possibilities  even  in  a  district  that  was  believed  to  be  thorougniy 
prospected.  During  the  past  season  prospecting  was  being  actively 
carried  on  throughout  the  region,  and  men  were  found  investigating 
creeks,  where  in  1902  nothing  was  being  done.  Hydraulic  methods 
have  been  introduced,  and  the  last  steamers  up  the  river  brought  many 
tons  of  hydraulic  pipe  and  other  supplies  for  several  plants  which 
are  in  process  of  installation.  The  production  of  the  region  during 
the  last  year  has  been  about  $235,000,  and  the  total  production  up  to 
the  present  time  is  probably  over  $1,000,000. 

GEOGRAPHIC   SKETCH. 
RELIEF. 

The  Rampart  region  is  one  of  rather  strong  relief,  ranging  from 
4,640  feet  above  sea  level  at  the  summit  of  Wolverine  Mountain  to 
somewhat  over  400  feet  on  the  Yukon  at  Rampart.  On  the  northern 
and  southern  sides  of  the  Yukon-Tanana  country  there  is  generally 
observable  a  difference  in  topographic  expression,  which  in  the  nar4 
rower  space  between  the  two  rivers  is  brought  into  sharper  contrast. 
The  divide  between  the  Yukon  and  the  Tanana  rivers  is  about  25  miles 
south  of  the  Yukon.  The  area  north  of  the  divide  is  rough,  and  the 
high  peaks  of  Lynx  and  Wolverine  mountains  are  the  most  prominent 
features.  Steep-sided  ridges  separate  the  many  deep,  narrow  canyon^ 
whose  similarity  has  frequently  led  to  confusion  and  justifies  the  name 
"Troublesome  Country,"  applied  to  a  portion  of  the  region.  South 
of  the  divide  long,  gradually  sloping  ridges  separate  the  more  open 
valleys  and  merge  finally  into  the  extensive  flat  of  Baker  Creek,  a 
tributary  of  the  Tanana. 

An  area  about  24  miles  long,  with  an  extreme  width  of  15  miles, 
includes  all  the  localities  where  work  is  now  in  progress.  The  south- 
ern portion  of  this  area  is  cut  diagonally  by  the  divide  which,  with  a 
minimum  altitude  of  about  2,000  feet,  extends  in  a  northeast-southwest 
direction  and  separates  the  headwaters  of  the  two  drainage  system* 

DRAINAGE. 

The  drainage  of  the  region  is  shown  in  the  accompanying  sketch 
map,  which   has  been   prepared   by  Mr.  Hess  from  data   collected  at 
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lifferent  times  by  the  several  parties  from  the  Geological  Survey,  and 
while  based  largely  on  foot  traverses  represents  the  drainage  systems 
with  comparative  accuracy. 


YUKON    DRAINAGE. 


The  most  important  streams  north  of  the  divide  are  Minook  and 
rroublesome  creeks.  Minook  Creek  is  the  largest  stream  in  the 
Rampart  region.  It  is  about  25  miles  long  and  flows  through  a  nar- 
row valley  in  a  nearly  straight  course,  almost  directly  northward,  to 
±e  Yukon  River.  The  grade  in  the  lower  portion  of  the  valley  is 
probably  less  than  50  feet  to  the  mile.  The  stream  is  general^  con- 
ined  in  one  channel,  but  in  portions  of  the  valley  is  distributed  over 
i  flat  several  hundred  feet  wide.  At  times  of  low  water  the  stream  is 
shallow,  easily  fordable  on  foot,  and  the  bars  are  traveled  by  pack 
Trains;  at  high  water  it  is  impassable. 

The  western  side  of  the  valley  is  a  steep  slope  which  rises  to  the 
leight  of  1,000  feet  or  more  above  the  stream.  In  the  upper  por- 
tion of  the  valley  steep  ridges  crowd  in  closely  on  either  side.  On 
;he   east  these  crowded   ridges   gradually  give   place   northward  to 

country  of  different  character,  which  is  related  to  the  stream 
evelopment  of  the  region  and  has  an  economic  interest.  Minook 
Jreek,  for  a  portion  of  its  length,  flows  inconspicuously  in  a  narrow 
anyon  20  feet  below  the  level  of  a  bench  that  slopes  gradually 
jpward  to  the  base  of  the  ridges  on  either  side.  This  bench  attains  a 
maximum  width  of  only  a  few  hundred  feet,  and  though  it  is  appar- 
ntly  the  bottom  of  the  valley  it  is  in  reality  an  old  floor  in  which  the 
)resent  shallow  camion  has  been  cut.  This  old  floor,  which  is  so 
losely  related  to  the  development  of  the  stream  20  feet  below  it,  is  of 
mportance  in  that  it  exemplifies  on  a  small  scale  the  results  of  a 
yrocess  which,  operating  for  a  long  time  under  different  conditions 
han  the  present,  has  produced  the  bench  that  is  so  prominent  east 
>f  the  valley.  The  "high  bench  "as  it  is  locally  called,  with  its 
teep  stream  ward- facing  slope,  bounds  the  lower  half  of  the  valley, 
nd  its  surface,  500  feet  or  more  above  the  stream,  rises  gradually 
oward  the  base  of  the  hills  to  the  east  and  widens  northward  to  a 
naximum  width  of  about  3  miles. 

This  bench  with  its  gold-bearing  gravels  has  long  attracted  the 
ttention  of  miners,  and  while  this  is  not  the  place  for  a  detailed 
tistory  of  stream  development  it  is  interesting  to  note  the  fact  that 
he  high  bench  stands  probably  in  the  same  relation  to  Minook  Creek 
s  the  small  local  bench  above  described  does  to  the  stream  which  has 
ut  below  it.  It  is  only  a  more  prominent  result  of  processes  which 
re  still  at  work,  which  have  left  other  less  prominent  benches  at 
ower  levels,  and  which  have  brought  about  those  results  at  different 
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times  through  differences  in  elevation  with  reference  to  the  water  level.? 
The  eastern  extension  of  the  high  bench  gravels,  so  far  as  traced,  is 
indicated  on  the  accompanying  map  (fig.  6,  p.  105). 

The  important  tributaries  of  Minook  Creek  from  the  east  are  Hunter, 
Little  Minook,  Little  Minook,  Jr.,  Hoosier,  Florida,  and  Chapman 
creeks.  The  largest  of  these  is  about  15  miles  long.  Their  ramifying 
headwaters  have  deeply  incised  themselves  within  the  steep-sided  high 
ridge  which  limits  in  this  direction  the  drainage  area  of  Minook  Creek, 
and  they  all  enter  the  main  valley  by  narrow  V-shaped  valleys  which 
cut  the  high  bench  above  described  into  several  portions,  to  some  of 
which  distinctive  names  have  been  given  by  the  miners.  The  impor- 
tant tributaries  from  the  west  are  Ruby,  Slate,  and  Granite  creeks. 
These  head  several  miles  back  from  the  main  valley  and  are  similar  in 
character  to  those  that  flow  from  the  other  side. 

Troublesome  Creek  is  about  12  miles  east  of  Minook  Creek.  It 
receives  several  tributaries  which  drain  the  area  between  Lynx  and 
Wolverine  mountains  and  flows  in  a  general  northerly  course  to  Mike 
Hess  Creek.  Its  course  for  the  most  part  is  outside  of  the  area  here 
considered.  The  valleys  of  the  upper  tributaries,  like  those  of  Minook 
Creek,  are  narrow,  but  their  heads  are  frequently  open,  park-like 
spaces  bounded  by  precipitous  rocky  slopes.  Terraces  are  common 
but  are  not  developed  to  so  great  a  degree  as  in  the  valle}r  of  Minook 
Creek.  Quail  Creek,  the  most  important  tributary,  heads  opposite 
Hoosier  Creek,  and  its  smaller  branches  drain  the  steep  flanks  of 
Wolverine  Mountain. 

The  area  south  of  the  divide  is  of  a  different  character.  The  two 
elements  that  stand  out  most  prominently  in  the  landscape  are  the 
ridges  and  valleys  of  the  southern  slope  of  the  divide  and  the  exten- 
sive lowland  known  as  Baker  Flats,  across  which  flows  Baker  Creel 
A  low  ridge  bounds  the  valley  of  Baker  Creek  on  the  south,  and  above 
this  ridge,  in  clear  weather,  are  visible  the  lofty  masses  of  Mount 
McKinley  and  Foraker,  160  miles  away. 

The  streams  of  economic  importance  are  only  a  few  miles  long. 
They  flow  from  their  sources  on  the  divide  in  more  or  less  parallel 
courses  southward  and  westward.  After  leaving  the  base  of  the  hills 
they  unite  with  one  another,  lose  themselves  in  Baker  Flats,  or  iind 
their  way  by  winding  courses  to  Baker  Creek.  The  heads  of  the 
valleys  are  narrow  and  deep  like  those  of  the  northern  slope,  but  after 
leaving  the  region  of  the  high  divide  the  valleys  become  more  open, 
the  ridges  between  them  lose  their  roughness,  maintain  an  even, 
bench-like  character  for  a  considerable  distance,  and  then  descend  very 
gradually  to  the  level  of  Baker  Flats. 
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A  most  important  feature  of  these  valleys — one  that  forces  itself 
.gain  and  again  on  the  attention  of  the  observer — is  their  unsymmet- 
ical  character.  The  southeast  side  is,  in  most  cases,  an  abrupt 
lescent  of  several  hundred  feet,  unbroken  by  tributaries.  The 
lorthwest  slope  extends  very  gradually  upward,  in  some  cases  for  a 
aile  or  more  back  from  the  stream,  and  then  breaks  oil'  abruptly  to 
orm  the  steep  side  of  the  neighboring  valley.  Its  surface  is  worn  by 
ributaries  which  have  formed  short  valleys  of  their  own,  and  these, 
n  their  backward  extension,  have  in  some  cases  broken  the  continuit}7 
>f  the  main  ridges.  Benching  has  been  an  accompaniment  of  stream 
ievelopment,  as  on  the  northern  side  of  the  divide,  and  these  gradual 
lopes  have  presented  favorable  conditions  for  the  retention  of  the 
old-bearing  gravels  which  have  been  deposited  upon  them. 

vegetation. 

The  valleys  and  slopes  of  the  larger  streams  and  some  of  the 
enches  are  timbered  with  a  light  growth  of  small  spruce  and  birch, 
here  is  some  tamarack  in  the  valleys.  Grass  grows  luxuriantly  on 
ortions  of  the  high  bench  of  the  Minook  Valley,  and  is  abundant  in 
ae  small  draws  throughout  most  of  the  region. 

The  Government  has  an  agricultural  experiment  station  across  the 
iver  from  Rampart,  and  at  Hot  Springs,  a  localit}^  near  the  Tanana 
liver,  where  conditions  are  especially  favorable  for  gardening,  pri- 
ate  parties  have  been  for  some  time  raising  vegetables  in  large  quan- 
ities  and  selling  them  to  the  miners. 

GEOLOGIC  SKETCH. 

The  geology  of  the  region  is  complex.  The  rocks  include  several 
filiations  which  have  been  closely  folded,  metamorphosed,  and 
ltrudcd  by  a  variety  of  igneous  rocks.  They  range  in  age  from 
>evonian  or  older  to  the  Quaternary. 

STRATIFIED   ROCKS. 

The  oldest  rocks  in  the  region  are  apparently  the  garnetif  erous  mica- 
uartz-schists  and  marbles.  .  These  are  found  on  Ruby  Creek  and  the 
dge  north  of  Ruby  Creek,  which  forms  the  western  boundary  of  the 
alley  of  Minook  Creek.  They  occur  also  on  Minook  Creek  below 
le  Hopkins  bridge.  These  schists  were  not  observed  in  any  other 
ortion  of  the  region.  They  resemble  those  of  the  Fortymile  and 
irch  Creek  regions. 

In  the  Yukon-Tanana  country  there  are  large  areas  of  shales,  cherts, 
Higlomerates,  limestones,  tuffs,  and  diabases,  which  occur  in  rather 
)nstant  association  at  widely  separated  localities.  These  have  been 
rouped  by  Kpurr  into  one  formation  and  called  the  Rampart  series.61 

:Spurr,  J.  E.,  Geology  of  the  Yukon  gold  district,  Alaska:  Eighteenth  Ann.  Kept.  U.  S.  Geol.  Sur- 
y,  pt.  3,  pp.  155-169. 
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Their  age  has  been  determined  as  Devonian.  In  the  Rampart  region 
and  farther  east  and  south  there  are  black  and  gray  shales,  cherts, 
thin  beds  of  conglomerate  composed  largely  of  chert  pebbles  and  gray 
and  black  schistose,  more  or  less  graphitic  grits  and  massive  lime- 
stones. A  large  mass  of  tuffs  and  diabasic  rocks  are  associated  with 
these  rocks  in  the  northern  portion  of  the  region.  Some  of  the  lime- 
stones have  yielded  Devonian  corals.  In  the  absence  of  criteria  for 
their  separation,  all  of  these  rocks  are  provisionally  considered  as 
belonging  to  the  Rampart  formation.  They  form  the  bed  rock  through- 
out most  of  the  drainage  areas  which  have  been  described. 

The  flanks  of  Lynx  and  Wolverine  mountains  are  formed  of  black 
grits  and  shales.  Fragments  of  dicotyledonous  leaves  were  found  in 
the  grits,  and  the  shales  also  occasionally  contain  obscure  plant 
remains.  The  shales  are  frequently  indurated,  spotted,  and  contain 
metamorphic  minerals,  due  probably  to  the  intrusive  granite  which 
forms  the  summits  of  these  mountains.  Similar  shales  are  associated 
with  vitreous  quartzites  along  the  ridge  that  bounds  the  drainage  area 
of  Minook  Creek  on  the  east.  Their  separation  from  shales  which 
belong  apparently  to  the  older  formation  is  not  easy,  and  all  that  can 
be  definitely  affirmed  at  present  is  that  there  is  a  formation  of  grits 
and  shales  which  occupies  generally  the  highest  portions  of  the  region 
and  which  is  at  least  as  young  as  the  lower  Cretaceous,  and  probably 
much  younger. 

The  general  strike  of  the  formations  is  northeast  and  east,  and  the 
folding  has  been  intense.  Evidence  of  the  force  which  has  been  at 
work  is  afforded  by  quartzite  and  limestone  breccias. 

Sandstones  and  conglomerates,  with  associated  coal,  occur  in  the 
lower  valley  of  Minook  Creek  and  along  the  Yukon,  and  these  have 
been  considered  as  members  of  the  Kenai  formation.  The  gravels  of 
the  high  bench  are  probably  of  Pleistocene  age. 

IGNEOUS   ROCKS. 

Igneous  rocks  are  present  in  abundance.  Granitic  and  monzonitic 
intrusives  form  a  large  portion  of  the  two  highest  peaks,  and  the  rocks 
throughout  the  region  are  cut  by  numerous  small  dikes  of  granite, 
diabase,  and  intermediate  types.  The  most  extensive  mass  of  igneous 
material  is  found  in  the  northern  portion  of  the  region,  where  thJ 
lower  valleys  of  Little  Minook  and  Hunter  creeks  and  the  ridge 
to  the  south  of  Rampart  are  composed  mostly  of  diabasic  rocks  and 
associated  tuffs.  Basalt  and  associated  volcanics  occur  on  Minook 
Creek  below  the  mouth  of  Hunter  Creek  and  also  opposite  the  mouth 
of  Little  Minook  Creek. 
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ECONOMIC    DEVELOPMENT. 

There  are  two  main  areas  of  present  gold  production.  The  one 
lere  called  the  Northern  area  includes  tributaries  of  Minook  and 
fxoublesome  creeks;  the  other  or  Southern  area,  called  generally 
he  Glenn  Creek  mining  district,  comprises  the  small  streams  of  the 
outhern  slope,  tributary  to  Baker  Creek. 

1SORTHERN    AREA. 

The  eastern  tributaries  of  Minook  Creek  which  have  produced  gold 
re  Hunter,  Little  Minook,  Little  Minook,  Jr.,  Hoosier,  and  Florida. 
L  glance  at  the  sketch  map  shows  the  relations  of  these  to  one  another 
nd  to  the  country  which  they  drain.  It  will  be  noticed  that  the 
ingest  of  them  have  their  sources  several  miles  east  of  the  high 
ench,  while  the  courses  of  the  smaller  tributaries — Little  Minook, 
and  Florida — lie  almost  wholly  within  it.  The  varieties  of  bed 
oek  found  in  the  valleys  of  these  streams  are  quartzites,  black  and 
ray  slat}^  shales,  limestones,  cherts,  and  diabase  with  associated  tuffs. 
Little  Minook  Creek. — Little  Minook  is  a  small  creek  about  8  miles 
mg  and  flows  in  a  narrow  V-shaped  canyon,  which  is  about  500  feet 
elow  the  general  level  in  the  lower  portion  of  the  valley,  where  the 
:ream  has  a  grade  of  100  feet  or  less  to  the  mile.  Mining  is  confined 
)  the  lower  3  miles  of  its  course.  The  distance  from  the  mouth  to 
le  town  of  Rampart  is  about  4^  miles,  and  the  winter  and  summer 
peight  rates  2  and  4  cents  a  pound,  respectivel}7.  The  creek  early 
:tracted  the  attention  of  miners,  and  since  1896  has  produced  approx- 
nately  $475,000. 

The  depth  to  bed  rock  varies  from  a  few  feet  to  about  25  feet,  and 
le  deposit  consists  of  muck  and  gravel.  The  muck  is  of  variable 
lickness,  reaching  a  maximum  of  16  feet,  and  is  in  some  places  absent, 
he  maximum  thickness  of  the  gravels  is  about  12  feet.  They  include 
great  variety  of  rocks,  among  which  diabase  and  tuff  are  perhaps  the 
ost  abundant.  Quartzite  bowlders  are  common,  and  there  is  a  con- 
derable  proportion  of  vein  quartz.  The  gravels  have  been  supplied 
•om  at  least  two  sources.  Angular  or  subangular  material  has  been 
irived  from  the  bed  rock  of  the  sides  and  bottom  of  the  valley  and 
ell-rounded  material  from  the  high  bench  in  which  this  portion  of 
e  valley  has  been  cut.  Bowlders  2  to  3  feet  in  diameter  are  common, 
he  pa}^  gravels  are  from  1  to  3  feet  thick  and  from  50  to  200  feet 
ide.  The  gold  is  well  worn,  often  coarse,  generally  finer  in  the 
wer  portion  of  the  valley,  and  is  of  high  grade,  $18  an  ounce  being 
ven  for  it  in  trade.  Values  are  found  ranging  from  $2  to  $10  per 
uare  yard  of  bed  rock.  It  is  interesting  to  note  that  gold  has  never 
en  found  in  any  quantity  on  Little  Minook  Creek  above  the  point 
here  it  receives  the  drainage  from  the  high  bench  gravels. 
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Ground  was  being  worked  on  a  few  of  the  claims  during  the  past 
summer  by  both  the  open-cut  method  and  steam  points.  Much  work 
has  been  done  in  the  past;  some  of  the  ground  has  been  u  gophered" 
considerably,  and  although  there  is  still  good  ground,  the  condition  in 
which  it  has  been  left  has  often  increased  the  expense  of  working  it. 

11  until'  Creek, — Hunter  Creek  is  similar  in  character  to  Little 
Minook  Creek.  The  maximum  depth  to  bed  rock,  so  far  as  observed, 
is  about  40  feet.  The  thickness  of  the  gravel  is  about  the  same — 12 
feet — as  on  Little  Minook,  and  the  proportion  of  bowlders  is  greater. 
The  gold  is  finer,  and  some  of  it  is  rough.  Barite  is  often  associated 
with  the  gold.  As  far  as  could  be  learned,  gold  is  not  found  in  paying 
quantities  above  the  eastern  limit  of  the  high  bench  gravels.  Decom- 
posed tuffs  and  loosely  consolidated  shales  and  sandstones  containing 
plant  remains  form  the  bed  rock  in  the  lower  portion  of  the  valley,  and 
this  soft  bed  rock  may  easily  be  mistaken  by  the  miner  for  stream 
deposits  associated  with  gravels.  The  stream  gravels  lie  above  these, 
not  below  them,  and  the  mere  fact  that  they  are  soft  does  not  prove 
that  they  belong  to  the  stream  deposits,  as  do  the  muck  and  sandy 
layers  that  are  frequently  found  above  the  gravels.  The  miner  mayj 
often  save  much  time  and  labor  by  studying  carefully  the  character  of 
the  bed  rock,  wherever  it  is  exposed  on  the  sides  or  bottom  of  the  val- 
ley, and  comparing  it  with  the  material  found  by  him  in  the  ground 
which  is  being  worked. 

Considerable  work  was  being  done  on  Hunter  Creek.  One  of  the 
most  interesting  developments  has  been  the  introduction  of  a  h}Tdraulic 
plant.  A  ditch  about  a  mile  long  carries  300  miner's  inches  of  water 
to  the  ground  and  gives  a  head  of  75  feet.  The  ground  is  worked  by 
what  might  be  termed  fractional  ground  sluicing.  The  thawed  surface 
layer  is  ground-sluiced  to  the  frozen  surface,  and  this  left  a  week  oi? 
more  to  thaw,  when  another  layer,  from  1  to  2  feet  in  thickness,  may 
be  ground-sluiced  away.  This  method  is  said  to  effect  results  quickly 
and  very  satisfactorily.  On  another  portion  of  the  creek  a  flume 
2,000  feet  long  has  been  constructed,  and  this  brings  water  to  a  low 
bench  only  about  16  feet  above  the  creek.  The  gravel  is  ground- 
sluiced  away  and  about  \\  feet  of  bed  rock  shoveled  in. 

Little  Minook,  Jr.,  Creek. — Little  Minook,  Jr.,  is  a  small  creek,  only 
about  2  miles  long.  The  narrow  valley  of  the  lower  portion  opens  out 
above  to  a  broadly  V-shaped  depression  in  the  high  bench.  There  i 
about  12  feet  of  muck  on  the  4  to  5  feet  of  gravel.  Pay  is  said 
have  been  found  over  a  width  of  60  feet.  Much  of  the  ground  has 
been  worked  out. 

Hoosier  Creek. — Hoosier  Creek  heads  far  back  toward  Wolverine 
Mountain  and  flows  northwestward  through  a  deep,  narrow  canyon.  Its 
general  characters  are  the  same  as  those  of  Little  Minook  Creek. 
The  grade  is  about  80  feet  to  the  mile  in  the  lower  portion  of  the 
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valley.  The  gravels  vary  from  4  to  20  feet  in  thickness,  and  the  gold 
s  mostly  on  the  bed  rock.  The  upper  portion  of  this  valley,  like 
liose  of  the  other  creeks,  has  never  been  productive.  Preparations 
aave  been  made  to  work  the  gravels  by  hydraulic  methods  at  a  point 
ibout  2  miles  above  the  mouth.  Ditches  and  flumes  having  a  combined 
ength  of  4,300  feet  and  a  capacity  of  500  inches  give  a  head  of  nearly 
30  feet.  An  elevator  had  been  placed  in  position  and  the  plant  was 
ibout  ready  for  active  work. 

Florida   Creek. — Florida  Creek  has  produced   some   gold,   but  at 
present  little  work  is  being  done. 

Interstream  or  u  bar"  gravels. — The  areas  lying  between  the  streams 
vhich  have  been  described,  for  a  distance  of  2  to  3  miles  east  of  Minook 
Jreek  and  at  an  altitude  of  500  to  700  feet  above  the  creeks,  have  a 
strikingly  bench-like  surface  and  are  mantled  with  a  deposit  of  gravels, 
vhich  is  said  to  be  in  places  at  least  100  feet  thick.     These  areas  are 
ocally  termed  "bars,''  and  distinctive  names  have  been  given  to  them, 
iuch  as  "Idaho  bar"  and   "McDonald   bar."     The    canyons   of   the 
treams  are  sharply  cut  below  them,  and  they  appear  as  portions  of  a 
>nce  continuous  surface  that  was  related  apparently  to  the  drainage 
ystem  of  Minook  Creek.     The  gravels  include  quartzite,  quartzite 
>reccia,  some  vein    quartz,  a  small   proportion  of   chert,  and  much 
Lne   material,  consisting  of  decomposed  fragments  of  softer  rocks. 
?he  gravels  are  coarse,  and  bowlders  2  to  3  or  more  feet  in  diameter 
re  common.     Gold   has    been   found   in   them   at  widely  separated 
calities,    and   much   work    has    been   clone   in   investigating   them, 
specially  on  "  Idaho  bar,"  directly  north  of  Little  Minook  Creek. 
The  facts  that  they  are  gold  bearing;  that  the  main  streams  cease  to 
e  productive  above  the  zone  of  these  gravels;  that  the  minor  tribu- 
nes, like  Little  Minook,  Jr.-,  which  drains  onty  gravel-covered  areas, 
>ntain  gold;  and  that  most  of  the  creek  gold,  wherever  found,  is 
iuch  worn,  all  seem  to  point  to  them  as  the  source  of  perhaps  the 
reater  portion  of  the  gold  found  in  the  stream  gravels,  without,  how- 
ver,  excluding  the  possibility  of  its  derivation  in  part  from  the  bed 
3ck  through  which  the  canyons  have  been  cut.     There  is  no  reason 
)  believe  that  gold  is  evenly  distributed  in  small  quantities  through- 
ut  the  bench  gravels,  or  that  it  is  anywhere  concentrated  in  them  to 
ich  a  degree  as  in  the  gravels  of  the  present  valleys.     These  valleys 
ive  a  trough-like  character,  where  conditions  have  been  favorable  for 
mcentration  within  narrow  limits.     The  gravels  of  the  benches  have 
3en  reworked  by  the  present  streams,  and  conditions  have  been  favor- 
Die  to  a  high  concentration  of  the  gold  contained  in  them.     This 
cality  probably  illustrates  the  process  of  reconcentration,  the  impor- 
,nce  of  which  is  strongly  emphasized  by  Brooks  in  the  Nome  reports 


Brooks,  A.  H.,  Reconnaissance  in  the  Cape  Nomi'iutd  Norton  Bay  Regions,  Alaska,  in  L900,  p   149, 
Bull.  259—05- 8 
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There  has  been  much  speculation  by  the  miners  as  to  the  source  of 
the  bench  gravels.  The  position  of  the  benches  seems  to  show  rela- 
tionship with  Minook  Creek.  The  material  of  the  gravels  is  such 
as  is  found  in  place  in  the  upper  valley.  Bowlders  of  quartzite  brec- 
cia are  common  in  the  gravels,  and  a  towering  mass  of  this  rusty 
rock  occurs  near  the  trail  on  Minook  about  li  miles  above  the  mouth 
of  Slate  Creek.  The  bench  gravels  have  been  found  on  the  south 
side  of  Florida  Creek,  but  have  not  been  traced  beyond  that  point. 
Although  fragments  of  the  bench  can  be  traced  still  farther  toward 
the  head  of  the  creek,  the  opportunity  for  the  preservation  of  high 
gravels  in  this  portion  of  the  valley  has  been  limited. 

Ruby  Creek. — Ruby  and  Slate  creeks  enter  Minook  Creek  through 
narrow  valleys  from  the  west.  Rub}^  Creek  drains  an  area  composed 
partly  of  garnetiferous  quartz-mica-schists.  The  gravels  are  about  10] 
feet  thick  and  there  is  little  muck.  No  pay  has  been  found  farther  than 
li  miles  above  the  mouth.  Silver  nuggets  are  occasionally  found  and 
garnet  is  an  abundant  associate  of  the  gold.  It  is  not  known  whether 
the  occurrence  here  is  related  to  older  gravels.  Preparations  were] 
being  made  to  work  the  ground  by  hydraulicking.  A  head  of  154  feet] 
was  said  to  be  obtainable  and  an  elevator  was  to  be  used  in  connection 
with  a  "giant." 

Slate  Creek. — Slate  Creek,  which  drains  an  area  tying  2  miles  farther 
south,  is  about  4  miles  long  and  flows  in  a  narrow  valley.     There  ia 
said  to  be  always  at  least  a  sluice  head  of  water,  and  the  grade  in  the 
lower  portion  is  about  150  feet  to  the  mile.     The  bed  rock,  near  the 
mouth,  includes  dark  shaly  limestone,  green  and  purple  shales,  and 
cherty  beds.     All  these  have  been  much  folded  and  strike  northwest. 
The  main  rock  of  the  valle}r  is  a  dark  graphitic  schist,  which  breaks- 
up    into    pencil -like    fragments    and    contains    many    quartz    seams.* 
Ground  has  been  worked  to  a  depth  of  26  feet.     Over  a  width  of  5(1 
feet  in  this  valley  gold  has  been  found  in  as  much  as  3  feet  of  gravel 
and  to  a  depth  of  1^  feet  in  bed  rock.     An  $8  piece  is  the  coarsest 
found  up  to  the  present  time.     Silver  is  a  common  associate  and  an 
8-ounce  nugget  has  been  found.     Copper  is  said  to  occur.    The  absence' 
of  garnets  indicates  that  the  schists  on  Ruby  Creek  do  not  extend  into 
this  valley.     The  gold  has  probably  been  derived  from  quartz  stringers 
in  the  bed  rock. 

Minook  Creek. — Gold  has  been  found  on  several  claims  along  Minook 
Creek  itself,  but  conditions  are  unfavorable  for  working  the  ground^ 
in  a  small  wa}^,  and  thus  far  no  extensive  systematic  work  has  been 
undertaken.  It  is  proposed,  however,  to  work  some  of  these  gravels 
on  a  large  scale  by  hydraulicking  during  the  season  of  1905. 

Quail  Creek,  of  Troublesome. — Prospecting  was  in  progress  on  Quail 
Creek,  a  tributary  of  Troublesome  Creek  from  the  west,  and  at  other- 
localities  within  this  area.     The  distance  of  these  localities  from  Ram- 
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part  is  18  to  20  miles.  Some  sluicing  has  been  done  and  a  small 
amount  of  pay  has  been  taken  out.  The  bed  rock  is  mostly  black 
ind  gray  slaty  shales,  with  many  quartz  seams.  Small  dikes  of  por- 
phyry are  abundant  and  some  of  them  show  considerable  mineraliza- 
tion. The  gravels  include  shale,  quartzite,  vein  quartz,  coarse  con- 
glomerate, and  a  large  proportion  of  igneous  material.  There  are 
gravel-covered  benches  about  100  feet  above  the  level  of  Quail  Creek 
md  these  are  being  prospected  at  the  present  time. 

SOUTHERN  AREA. 

The  creeks  of  the  southern  slope  that  are  of  present  economic 
niportance  are  Pioneer,  Eureka,  Glenn,  Rhode  Island,  Gold  Run, 
Dmega,  and  Thanksgiving.  The  Hutlina  a  attracted  considerable  atten- 
tion in  1902  but  no  work  was  being  done  there  during  the  summer  of 
L901.  This  area  was  visited  in  1902  by  A.  J.  Collier  of  the  IT.  S. 
geological  Survey  and  described  by  him  in  the  economic  bulletin  for 
^903,  to  which  reference  has  already  been  made.^  The  conditions  in 
.904  were  somewhat  different  and  only  the  most  important  present 
levelopments  are  included  in  the  following  description: 

The  area  is  about  30  miles  south  of  Rampart  and  is  reached  by  the 
>ack  trail  from  Rampart,  which  follows  Minook  Creek  and  crosses 
he  divide  at  an  altitude  of  about  2,000  feet.  The  winter  and  summer 
reight  rates  are  at  present  6  and  15  cents  a  pound,  respectively. 

The  bed  rock  is  mostly  a  shaly,  somewhat  schistose  and  generally 
raphitic  grit,  which  contains  numerous  quartz  seams.  Quartzites, 
lack  slates,  cherts,  limestones,  and  granitic  intrusives  are  found  in 
le  ridges  at  the  heads  of  some  of  the  creeks. 

Pioneer  Creek. — The  valley  of  Pioneer  Creek  is  the  most  easterly 
)cality  which  is  being  worked.  The  creek  is  formed  b}T  the  union  of 
wo  forks  in  the  high  divide,  flows  southwestward  to  Baker  Flats  and 
rosses  them  to  Baker  Creek;  its  length  within  the  hills  is  about  6 
dies.  A  steep,  level  ridge  bounds  the  valley  to  the  southeast  and 
ises  almost  directly  from  the  creek.  The  gentle  slope  of  the  north- 
rest  side  is  mantled  to  a  distance  of  half  a  mile  or  more  back  from  the 
'eek,  and  to  a  height  of  250  feet  or  more  above  the  creek,  with  bench 
ravels  in  which  within  the  past  two  years  good  pay  has  been  discov- 

ed.  A  few  small  tributaries  drain  the  slope  and  one  of  them  has 
jroved  productive.     Practically  no  work  has  been  done  on  the  main 

eek. 

What  Cheer  bar  is  located  in  the  lower  portion  of  the  valley, 
)out  2,000  feet  back  from  the  creek,  at  an  altitude  of  about  250 

et  above  it.  The  ground  here  lias  a  gradual  slope  to  the  creek, 
he  bed  rock  is  schistose  grit.     This  is  much  jointed  and  broken 

'This  stream  is  known  throughout  the  region  as  the  Hootlinana,  but  the  name  Hutlina  has  been 
opted  by  the  Board  on  Geographic  Names. 
Bull.  U.  S.  Geol.  Survey  No.  213,  pp.  49-56. 
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and  frequently  exhibits  line  examples  of  earth  creep.  The  strike  is 
N.  75°  E.  and  the  dip  in  places  is  high  to  the  northwest.  The  average 
depth  to  bed  rock  is  about  12  feet.  The  material  from  the  surface 
downward  includes  1  to  1J-  feet  of  muck,  3  feet  of  rather  fine  flat 
wash,  5  feet  of  yellowish  gravel  of  medium  size,  and  4  feet  of  rather 
heavy  wash.  The  gravels  include  a  large  proportion  of  quartzite, 
considerable  vein  quartz,  occasional  bowlders  of  coarse  conglomerate 
like  that  found  in  the  wash  of  Quail  Creek  on  the  northern  side  of  the 
divide,  and  some  igneous  material.  Some  of  the  vein  quartz  bowlders 
are  2  feet  or  more  in  diameter.  Most  of  the  gold  is  found  in  the  lower 
portion  of  the  gravels.  It  is  well  worn  and  the  coarsest  piece  found 
was  valued  at  $28.  The  bench  is  dry  and  the  summer  of  1903  was! 
employed  in  bringing  water  to  the  claim  from  a  point  about  4  miles 
up  stream.  A  ditch  was  dug  around  the  hillside  and  flumes  were  con-J 
structed  across  the  small  tributaries.  The  result  is  a  combined  ditch 
and  flume  4  miles  long,  with  a  capacity  of  about  3  sluice  heads.  The 
ground  is  worked  by  open  cuts,  the  dirt  all  shoveled  into  the  sluice 
boxes,  and  the  tailings  distribute  themselves  over  the  slope  toward j 
Pioneer  Creek.  The  water  was  not  available  till  the  first  of  August, 
1904,  and  the  men  had  been  shoveling  in  for  about  15  days.  Thirteen] 
men  were  employed  and  wages  were  $5  and  board. 

Seattle  bar  is   located  on  the  same  side  of   Pioneer  -Creek,  about 
the  same  distance  back  from  it  and  2-J-  miles  farther  upstream.     The 
depth  to  bed  rock  is  about  9  feet,  and  the  gravels  are  of  the  samel 
character  and  arrangement  as  those  of  What  Cheer  bar.     The  gold 
occurs  next  to  bed  rock  and  to  a  depth  of  a  foot  or  more  within  it.  I 
Some  of  the  gold  is  flat  and  some  shotty  in  character.     The  coarsest! 
found  was  a  piece  valued  at  $9.40.     The  ground  is  worked  in  a  small] 
way  by  an  open  cut,  and  good  results  have  been  obtained.     Water  for] 
sluicing  is  brought  by  a  ditch  and  hose  from  Skookum  Creek. 

The  tributaries  to  Pioneer  Creek  are  all  small,  have  a  course  down 
the  slope  at  about  right  angles  to  that  of  the  main  valley,  and  cut 
through  the  gravel-covered  areas  of  the  bench.  Their  valleys  are 
open  and  form  onl}T  shallow  depressions.  Doric  Creek  is  about 
three-fourths  of  a  mile  upstream  from  What  Cheer  bar.  It  was 
prospected  in  the  fall  of  1902,  and  during  the  winter  of  1903-4  a  small 
portion  of  the  valley  about  one-fourth  of  a  mile  from  Pioneer  Creek 
proved  to  be  very  rich.  The  bed  rock  is  graphitic  schistose  grit. 
Besides  the  local  angular  material  the  wash  includes  a  large  proportion 
of  gravels  from  the  bench.  The  ground  is  worked  by  drifting  in  the 
winter  time.  The  largest  bowlders  are  left  at  the  bottom  of  the  drift. 
No  pay  has  been  found  in  the  upper  portion  of  the  valley,  and  the  gold 
found  here  is  probably  derived  by  reconcentration  from  the  bench 
gravels.     The  locality  is  an  instructive  one. 

The  three  localities  above  described  are  the  most  important  ones  in- 
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this  vralley  where  pay  has  yet  been  discovered,  and  it  is  not  unreason- 
able to  suppose  that  with  further  work  other  localities  may  be  found 
on  the  bench  where  the  conditions  were  likewise  favorable  for  concen- 
tration of  the  gold. 

The  bench  gravels  extend  for  at  least  1  miles  along  the  creek.  There 
is  no  reason  to  think  they  have  been  brought  to  their  present  position 
from  any  other  direction  than  that  of  the  present  drainage,  or  by  other 
means  than  stream  action.  The  most  satisfactory  explanation  of  their 
presence  is  that  Pioneer  Creek,  under  conditions  different  from  the 
present,  left  them  there.  Under  this  supposition  the  creek  would 
have  occupied  for  longer  or  shorter  intervals  various  portions  of  what 
is  now  the  bench,  and  would  have  had  an  opportunity  to  concentrate 
there  in  a  "pay  streak"  the  gold  that  was  present  in  the  gravels. 
The  occurrence  of  gold  in  the  gravels  of  the  benches  sufficiently  con- 
centrated to  yield  good  results  points  to  such  an  origin. 

Eureka  Creek. — Eureka  Creek  is  just  over  the  divide  about  \\  miles 
northwest  of  Pioneer  Creek.  It  parallels  the  latter  and  flows  in  the 
same  direction  till,  in  the  lower  part  of  its  course,  it  bends  round 
toward  the  east  and  at  the  edge  of  Baker  Flats  is  joined  by  Pioneer 
Creek.  The  valley  is  similar  to  that  of  Pioneer  Creek;  there  is  the 
slope  on  the  southeast  which  descends  steeply  to  the  creek  and  the 
gradual  slope  on  the  northwest.  The  creek  carries  normally  about  a 
sluice  head,  or  50  inches  of  water.  In  a  wet  season  the  quantity  may 
become  about  4  sluice  heads.  The  bed  rock  is  grit  with  graphitic 
phases  similar  to  that  of  Pioneer  Creek.  The  bench  gravels  are  not 
so  well  developed.  The  depth  to  bed  rock  varies  from  6  to  20  feet, 
and  the  deposit  is  muck  and  gravels.  The  gravels  are  from  5  to  16 
feet  thick  and  pay  occurs  up  to  6  feet  in  the  gravels  and  to  a  depth  of 
3  feet  in  the  bed  rock  where  this  is  blocky,  and  over  a  width  of  6  to  60 
jfeet.  The  work  of  saving  the  gold  is  increased  by  the  presence  of  clay. 
Borne  of  the  gold  is  rough  and  many  pieces  are  found  combined 
kvith  quartz.  Nuggets  have  been  found  worth  from  $25  to  $30.  The 
Wound  is  worked  by  open  cut  and  drifting.  The  claims  are  1,000  feet 
long  and  most  of  the  work  has  been  done  in  the  lower  portion  of  the 

I  Valley. 
Glenn  Creek. — Glenn  Creek  is  southwest  of  Eureka  Creek  and  sepa- 
rated from  it  by  a  flat-topped  gravel-covered  spur  about  the  height  of 
jWhat  Cheer  bar.  About  2  miles  farther  west  a  similar  spur  forms 
the  western  boundary  of  the  valley  of  Rhode  Island  Creek.  The  space 
between  these  spurs  is  occupied  b}x  the  drainage  areas  of  a  few  small 
streams,  the  lower  valleys  of  which  are  comparatively  open.  The 
interstream  spaces  are  beautifully  benched,  partly  covered  with 
gravels,  and  slope  gently  toward  the  lowland  of  Baker  Creek, 
(rlenn  Creek  is  the  first  of  these  small  streams.  It  is  only  about  3 
■niles  long  and  occupies  a  shallow  depression  in  tin1  gravel-covered 
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benches  of  either  side.  The  creek  has  attracted  considerable  attention, 
and  the  area  has  been  called  from  it  "The  Glenn  Creek  mining  dis- 
trict/1 It  has  produced  altogether  about  $275,000,  and  probably  over 
$35,000  during  the  last  summer  (1904).  The  bed  rock  is  a  broken 
schistose  slate,  and  the  material  on  it,  composed  largely  of  angular  slide 
rock  with  about  2  feet  of  gravel,  varies  from  3  to  10  feet  in  thickness! 
The  pay  dirt  is  from  2  to  3  feet  in  thickness  and  the  gold  is  found  also 
in  crevices  in  the  bed  rock.  The  gold  is  well  worn,  often  shotty,  and 
some  of  it  is  rather  line.  Nuggets  have  been  found  worth  over  $90. 
The  occurrence  is  probably  due  largety  to  secondary  concentration. 
The  ground  is  worked  at  present  mostly  by  open  cut.  During  the 
past  season  there  were  over  20  men  working  on  the  creek. 

Shirley  bench. — Shirley  bench,  on  the  west  of  Glenn  Creek  and  about 
150  feet  above  it,  has  produced  considerable  gold.  The  gravels  vary 
from  2  to  9  feet  in  thickness.  The  material  is  mostly  fine,  but  there 
are  bowlders  of  quartzite  and  intrusive  rock  similar  to  that  outcropping 
in  the  ridge  at  the  head  of  Glenn  and  Rhode  Island  creeks.  Gold  is 
found  all  through  the  gravels  and  is  well  rounded  and  ushotty"in 
character.  The  ground  is  worked  by  open  cut.  Owing  to  the  scarcity 
of  water,  a  centrifugal  pump  was  used  to  return  the  water  from  the 
tailings  to  the  boxes. 

Rhode  Island  Creel'  and  Gold  Run. — The  ground  on  Rhode  Islanc 
Creek  is  more  favorable  for  drifting  and  no  summer  work  was  bcin< 
done. 

Gold  Run  drains  a  portion  of  the  bench  on  the  western  side  anc 
Hows  into  Rhode  Island  Creek.  The  depth  to  bed  rock  is  16  to  18  feet 
and  the  material  is  mostly  well-worn  quartzite,  grit,  and  slate.  Hen 
also  the  gold  is  shotty.  A  considerable  amount  was  taken  out  during' 
the  winter  of  1903-1,  but  the  ground  is  difficult  to  work  on  account 
of  water.  The  occurrence  is  probably  another  case  of  secondary 
concentration. 

Omega  Creek. — Omega  Creek  is  about  a  mile  west  of  Rhode  lslan< 
Creek  and  is  separated  from  it  by  a  conspicuously  flat-topped  ridge, 
like  that  between  Eureka  and  Glenn  creeks.  The  creek  flows  at  first 
south  westward  and  bends  round  gradually  toward  the  west.  The  vallej 
is  limited  on  the  southeast  by  a  comparatively  steep  slope  and  on  tin 
northwest  b/y  a  slope  of  a  bench-like  character,  which  rises  gradual! 
to  the  base  of  the  ridge  at  the  head  of  the  creek.  The  bed  rock  \i 
schistose  grit  and  slate,  and  the  gravel  is  composed  mostly  of  angulai 
fragments  of  these  rocks  with  some  quartzite  and  vein  quartz.  Th< 
occurrence  of  gold  is  interesting  in  that  along  with  some  smooth  gol( 
there  is  a  considerable  quantity  that  is  rough.  The  nuggets  fouiK 
generally  contain  quartz.  The  creek  became  a  producer  during  th< 
summer  of  1903,  and  thus  far  work  has  been  done  on  only  a  few  claims. 

Thanksgiving  Creek. — Thanksgiving  Creek  is  about  li  miles  west  of 
Omega  Creek.     Gold  was  discovered  here  in  February,  L 903,  and  con- 
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siderable  work  was  done  during  the  winter  of  1903-4  and  the  summer 
of  1904  with  good  results.  The  depth  to  bed  rock  varies  from  6  to  L8 
feet  and  there  is  from  1  to  9  feet  of  gravel,  which  is  made  up  of  sub- 
angular  fragments  of  quartzite,  schistose  grit,  vein  quartz,  slate,  and 
some  intrusives.  The  presence  of  much  clay  causes  difficulty  in  work- 
ing the  gravels.  Pay  is  found  in  from  1^  to  7  feet  of  gravel  and  over 
a  width  of  10  to  15  feet.  The  gold  includes  both  smooth  and  rough 
varieties,  and  some  fine  nuggets  combined  with  quartz  have  been  found. 
The  creek  is  worked  by  drifting  and  open  cuts. 

Most  of  the  gold  of  Omega  and  Thanksgiving  creeks  does  not  seem 
to  have  been  derived  from  bench  gravels,  but  rather  to  be  the  result 
of  the  first  concentration  of  the  gold  after  it  has  left  the  bed  rock  by 
the  action  of  the  present  streams.  There  are  many  small  quartz  seams 
in  the  schistose  carbonaceous  grits  and  some  of  these  are  probably  the 
source  of  the  gold. 

The  gold  of  the  southern  area  is  of  much  lower  value  than  that  of 
Little  Minook  Creek  and  brings  only  from  $15  to  $10  an  ounce.  The 
total  production  of  the  area  for  the  past  }rear  has  probably  been  over 
$150,000. 

SUMMARY. 

General  outlook. — The  older  creeks,  although  largely  worked  out, 
are  still  producing  some  gold,  and  attention  is  being  directed  to  known 
deposits  less  advantageousl}T  located,  some  of  which  can  probably  be 
made  to  pay  by  the  use  of  carefully  considered  methods,  and  to  new 
ground,  the  extent  of  which  has  not  yet  been  determined,  where  good 
pay  has  been  discovered.  The  methods  employed  in  the  extraction  of 
the  gold  are  open  cut  combined  with  ground  sluicing  and  shoveling  in, 
drifting  by  the  use  of  steam  points,  and  hydraulicking.  The  cost  of 
production  has  varied  from  25  to  50  per  cent  of  the  output,  and  is 
probably  most  often  very  near  the  higher  percentage  named. 

Outlook  for  hydraulic  mining. — The  installation  of  a  hydraulic  plant 
in  any  of  the  placer  regions  of  the  Yukon-Tanana  country  involves  the 
expenditure  of  an  amount  of  money  several  times  in  excess  of  that 
required  for  similar  work  in  the  States  and  should  be  preceded  by  much 
careful  preliminary  stud}7  of  all  the  conditions.  The  transformation  of 
an  available  water  supply  into  a  powerful  tool  of  excavation  and  trans- 
portation and  the  use  of  this  tool  in  the  most  skillful  and  efficient 
manner  are  among  the  most  important  problems  of  mining.  Lack  of 
knowledge  and  skill  may  be  covered  by  the  results  where  the  ground 
is  very  rich,  but  with  ground  like  that  under  consideration  the  posses- 
sion of  these  qualities  or  the  lack  of  them  may  make  all  the  difference 
between  success  and  failure.  Directors  and  stockholders  of  companies 
planning  such  work  should  insist  upon  and  be  constantly  ready  to  bear 
the  expense  of  the  intelligent  study  of  conditions  and  careful  manage- 
ment of  operations. 


RECENT  DEVELOPMENT  OF  ALASKAN  TIN  DEPOSITS. 


By  Arthur  J.  Collier. 


INTRODUCTION. 

The  tin  deposits  of  Alaska  which  give  promise  of  some  economic 
importance  are  situated  in  what  is  known  as  the  York  region,  which 
comprises  the  western  end  of  Seward  Peninsula,  though  tin  in  .small 
quantities  is  much  more  widely  distributed.  The  tin  ore  of  the  York 
region  occurs  both  in  lodes  and  placers,  distributed  over  an  area  of 
about  450  square  miles.  Stream  tin  was  discovered  in  the  gold  placer 
mines  of  the  Anikovik  River,  near  York,  in  1900,"  since  which  time 
prospectors  have  found  the  ore  at  many  other  localities.  These 
deposits  have  already  been  described  by  the  writer6  in  some  detail,  so 
that  only  a  brief  statement  of  the  geologic  conditions  is  here  required. 

During  the  season  of  1904  the  writer  examined  many  specimens  of 
tin  ore  and  collections  of  minerals  at  Nome,  made  by  prospectors  who 
were  searching  for  tin  in  various  parts  of  Seward  Peninsula,  and  later 
spent  a  few  days  at  Cape  Mountain  and  Lost  River,  the  two  points 
where  systematic  development  of  tin-bearing  lodes  was  in  progress. 
The  tin  placers  of  Buck  Creek  were  not  again  visited,  though  con-j 
siderable  mining  was  in  progress  there  during  the  season.  It  is  the 
purpose  of  this  paper  merely  to  describe  the  developments  since  1908. 

LODE    DEPOSITS. 

The  prospecting  and  development  of  mineral-bearing  lodes  is  neces- 
sarily slow  and  expensive  as  compared  with  the  rapid  development  of] 
the  placers,  and  it  is  scarcely  reasonable  to  suppose  that  the  work 
which  can  be  done  in  a  short  Alaskan  season  will  be  sufficient  to 
demonstrate  their  value.  On  the  other  hand  lode  deposits  have  the 
advantage  over  the  placers  that  they  can  be  worked  throughout  the 
whole  year  in  Alaska  as  well  as  in  an}^  other  part  of  the  world.  Dur- 
ing the  season  of  1904  development  work  on  tin  lodes  was  in  progress 
at  Lost  River  and  Cape  Mountain,  and  new  discoveries  of  tin  lodes 
were  reported  at  Brooks  Mountain,  Ears  Mountain,  and  in  the  Darby 
Mountains,  all  in  Seward  Peninsula.  These  localities  will  be  discussed; 
in  the  order  named. 

<»  Brooks,  A.  H.,  An  occurrence  of  stream  tin  in  the  York  region,  Alaska:  Mineral  Resources  U.  S. 
for  1900,  U.  S.  Geol.  Survey,  1901,  p.  270. 

&  Collier,  A.  J.,  Tin  deposits  of  the  York  region,  Alaska:  Bull.  U.  S.  Geol.  Survey  No.  229,  1904,  and 
Bull.  IT.  s.  Geol.  Survey  No.  225,  1904,  pp.  154-167. 
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LOST    RIVER   LODES. 

Locution.  Losi  River,  which  enters  Bering  Sea  25  miles  east  of 
Cape  Prince  of  Wales,  rises  near  Brooks  Mountain  about  VI  miles 
from  the  coast  and  flows  southward.  The  tin  lodes  of  the  Lost  River 
basin  are  on  two  tributaries  known  as  Tin  Creek  and  Cassiterite  Creek, 
^vhich  flow  into  Lost  River  from  the  east  side  about  6  and  7  miles, 
respectively,  from  the  sea.  Most  of  the  development  work  has  been 
lone  on  Cassiterite  Creek.  The  countiy  rock  of  this  whole  basin  is 
limestone  with  some  intruded  dikes  and  stocks  of  granite  and  granite- 
porphyry.  Tin  ore  was  discovered  here  in  1903  in  connection  with  a 
granite-porphyry  dike  which  extends  from  the  hillside  above  Cassiter- 
ite Creek  across  the  mountain  to  Tin  Creek,  a  distance  of  1  mile, 

CASSITERITE    CREEK    DEVELOPMENTS. 

A  group  of  claims  located  along  this  dike,  which  was  called  Cas- 
iterite  lode,  was  bonded  in  1903  to  capitalists,  who  in  190-1  sent  in  a 
veil-equipped  expedition  to  examine  the  claims.  Active  development 
vas  carried  on  for  about  a  month,  when  the  work  was  suspended. 
Jther  bodies  of  ore,  which  were  exploited  late  in  the  season,  have 
>een  found  by  the  original  locators  for  several  hundred  yards  north- 
west of  the  original  discovery.  The  field  relations  of  the  various 
irospects  and  croppings  of  tin  ore  are  shown  in  the  diagram,  tig.  7. 

The  excavations  which  have  been  made  show  that  the  dike  called 

Cassiterite  lode  ends  about  200  feet  east  of  Cassiterite  Creek,  and  that 

similar  dike,  also  tin  bearing,  outcrops  on  the  west  side  of  the  creek 

bout  500  feet  northwest  of  this  point.     Whether  or  not  this  second 

ike  is  a  faulted  portion  of  Cassiterite  lode  has  not  been  determined. 

The  second  dike  extends  westward  for  a  few  hundred  feet  from  the 

oint  of  outcrop  noted,  then  joins  a  third  dike  which  extends  north- 

estward  along  the  top  of  the  spur  between  Lost  River  and  Cassiterite 

reek.     In  detail  the  results  of  this  prospecting  are  as  follows:  At  the 

oint  of  original  discovery  of  tin  ore  on  the  west  end  of  Cassiterite 

)de  (marked  b  in  fig.  7)  a  tunnel  and  a  crosscut  show  an  ore  body 

bout  60  feet  long  by  15  feet  wide,  the  lateral  walls  of  which  are  the 

rell-derined  contacts  of  the  original  dike  matter  with  the  limestone. 

'he  dike  rock  in  this  shoot  has  been  altered  mainly  to  kaolin,  though 

le  original  texture  is  partially  preserved.     Cassiterite  in  line  grains  is 

ither  uniformly  distributed  through  this  mass,  but  it  is  reported  that 

ie  tin  content  dropped  below  1  per  cent  at  the  end  of  the  tunnel. 

A  second  tunnel,  driven  on  the  dike  about  200  feet  east  and  200  feet 

Ipgher  on  the  hill,  shows  the  porphyry  in  a  less  kaolinized  condition. 

tlere  it  still   contains  some  tin  ore,  although   in   smaller  amounts. 

lamples  taken  from  the  croppings  of  the  dike  several  hundred  feet 

irther  east  were  said  to  contain  traces  only  of  tin. 
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The  attempts  to  trace  the  dike  westward  were  unsuccessful,  though 
several  prospect  holes  were  sunk  in  the  line  of  its  extension  west  of 
the  60-foot  tunnel  noted  above,  seeming  to  indicate  that  the  dike  ends 
near  this  tunnel.  The  hillside  here  is  so  deeply  covered  with  talus 
that  the  actual  ending  of  the  dike  can  not  be  seen  on  the  surface,  and 
the  dike  rock  was  not  discovered  in  place  in  any  of  the  prospect  holes 
west  of  the  main  tunnel.  The  limestone  bed  rock  reached  in  these 
prospect  holes  is  shattered,  and  the  writer  was  informed  by  the  super- 
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Fig.  f.— Diagram  showing  field  relations  of  the  tin-bearing  lodes  on  Cassiterite  Creek. 

intendent  of  the  workings  that  assays  made  of  it  usually  show  traces 
of  tin. 

The  limestone  on  the  west  side  of  the  creek  opposite  the  main  tun 
nel  and  in  line  with  the  extension  of  Cassiterite  lode  is  very  much 
shattered  and  filled  with  many  veins,  which  run  in  all  directions  and 
vary  in  thickness  from  a  knife  edge  to  half  an  inch.  The  limestone 
along  the  sides  of  these  veinlets  is  usually  impregnated  with  cassiterite 
and  other  dark  minerals  in  small  crystals,  so  that  it  is  possible  thai 
parts  of  it  may  constitute  a  stockwork  rich  enough  in  tin  to  pay  foi 
minino-. 
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Two  thin  veins  of  tin  ore  occur  in  the  structural  planes  of  the  lime- 
stone about  400  feet  northwest  of  the  60-foot  tunnel.  These  strike 
parallel  with  the  course  of  the  dike  and  dip  toward  it  at  an  angle 
of  about  4o  .  One  of  these  veins,  which  has  been  developed  for  about 
100  feet  along  the  croppings,  varies  from  2  inches  to  1  foot  in  thick- 
ness. The  ore  occurs  in  large  ciystals,  forming  a  comb  on  the  walls 
of  the  fissure,  and  it  also  impregnates  them  for  several  inches. 

The  dike  which  outcrops  about  500  feet  northwest  of  the  main  tun- 
nel on  Cassiterite  lode  was  developed  by  several  shallow  prospect 
holes  and  crosscuts.  The  rock  resembles  that  of  the  Cassiterite  lode, 
and  like  it  carries  cassiterite  in  disseminated  grains.  It  has  not  yet 
been  developed  sufficient]}7  to  determine  either  its  extent  or  the  amount 
of  tin  ore  which  it  contains.  No  systematic  sampling  has  been  done 
and  no  assays  have  been  made. 

The  general  result  of  the  work  done  on  Cassiterite  Creek  during  the 
the  past  season  is  to  demonstrate  that  there  is  an  ore  body,  about  60 
by  15  feet,  in  the  west  end  of  the  dike  known  as  Cassiterite  lode. 
This  ore  body  was  systematically  sampled  as  far  as  developed,  but  the 
exact  average  of  the  assays  made  has  not  been  reported  to  the  writer, 
and  its  extent  in  depth  has  not  been  tested.  East  of  this  ore  shoot  the 
dike  probably  does  not  contain  sufficient  tin  to  be  of  value.  The  lime- 
stones surrounding  the  west  end  of  the  dike  contain  several  small  but 
well-defined  veins  of  very  rich  ores,  and  in  places  are  so  tilled  with  minute 
veins  as  to  become  practical^  a  stockwork  ore  body.  The  bond  under 
which  most  of  the  work  was  done  last  summer  covered  only  a  part  of 
the  ground  on  which  tin  ore  has  been  found,  and  work  was  suspended 
because  the  bonding  price  was  evidently  too  high  in  the  light  of  these 
developments.  The  original  locators  who  remained  on  the  ground 
worked  one  of  the  small  veins  late  in  the  season  and  produced  and 
shipped  to  Seattle  12  tons  of  ore,  estimated  to  carry  from  10  to  20  per 
cent  of  metallic  tin.  Two  men  working  the  croppings  of  this  vein 
and  a  third  hauling  with  a  wagon  and  team  of  three  horses  were  able 
to  mine,  sack,  and  haul  to  the  beach  one  ton  of  ore  a  day. 

TIN    CREEK    DEVELOPMENTS. 

Tin  ore  of  the  same  general  character  as  that  at  Cassiterite  Creek  has 
been  found  on  Tin  Creek,  and  prospectors  report  that  the  croppings 
of  the  lodes  have  been  located,  though  nothing  more  than  assessment 
work  lias  been  done,  and  this  merely  to  hold  the  ground.  The  local- 
ity was  not  examined  by  the  writer. 

The  whole  region  surrounding  Lost  River  has  been  thoroughl\T 
searched  for  croppings  of  tin-bearing  ledges,  with  the  result  that  a 
number  of   porphyritic   dikes,   some  of  which  are  mineralized    with 
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galena  and  arsenical  pyrites,  have  been  found  in  the  region  southwest 
of  Cassiterite  Creek.  Ore  from  one  of  these  is  reported  to  yield  an 
assay  of  15  ounces  of  silver  per  ton. 

CAPE    MOUNTAIN    LODE. 

LOCATION    AND    GEOLOGIC    RELATIONS. 

Cape  Mountain  is  situated  in  the  extreme  western  end  of  the  penin- 
sula and  takes  its  name  from  Cape  Prince  of  Wales.  It  is  essentially 
a  granite  boss  surrounded  by  limestones  and  slates  in  which  it  is 
intruded.  Investigations  made  during  the  past  season  show  that  the 
contact  of  limestone  and  granite  is  very  irregular  and  that  around  the 
margins  masses  of  limestone  are  often  included  in  the  granite,  while 
the  granite  often  penetrates  the  surrounding  limestone  in  a  fringe  of 
porphyritic  dikes. 

Float  ore  consisting  of  cassiterite  in  association  with  tourmaline  and 
other  minerals  has  been  found  at  many  places  on  the  mountain,  and 
systematic  prospecting  for  tin-bearing  ledges  has  been  in  progress  for 
the  past  three  seasons,  but  the  development  has  been  slower  than  at 
Lost  River,  mainly  on  account  of  a  heavy  mantle  of  talus  and  resid- 
uary soil,  which  makes  it  difficult  to  trace  the  float  ore  to  its  bed-rock 
source.  In  many  prospect  holes  this  covering  goes  to  a  depth  of  6  or 
7  feet.  During  the  summer  of  1904  work  was  done  at  a  number  of 
places,  only  a  few  of  which  were  seen  by  the  writer.  The  most  exten- 
sive workings  were  those  of  the  Bartels  Company. 

THE    BARTELS    COMPANY'S    DEVELOPMENTS. 

This  company  staked  many  claims  around  the  mountain  in  1902 
and  1903,  and  began  development  work  in  1903.  The  equipment  of 
the  company  consists  of  a  permanent  camp  (called  Tin  City)  and  cen- 
tral power  station,  from  which  wires  run  to  electric  drills  at  the  pros- 
pecting tunnels.  The  bed  rock  in  many  of  the  prospect  holes  carries 
traces  of  tin,  but  ore  of  appreciable  value  has  been  found  in  place  in 
only  one  of  the  tunnels.  This  tunnel,  which  is  on  the  mountain  one- 
half  mile  north  of  Tin  City,  is  in  the  granite  near  its  contact  with  the* 
limestone.  The  granite  in  the  tunnel  is  intersected  by  joint  planes  that: 
run  north  and  south,  or  about  at  right  angles  to  the  direction  of  the 
tunnel,  and  the  tin  ore  is  not  evenly  distributed  through  it,  but  seems 
to  be  arranged  in  ill-detined  streaks  that  run  parallel  to  the  joints. 
Assays  of  picked  samples  from  this  tunnel  have  yielded  as  high  as  40 
per  cent  of  tin,  but  no  average  samples  had  been  taken  or  assayed  ati 
the  time  of  the  writer's  visit,  and  the  average  rock  from  the  dumr. 
will  probably  showT  only  traces  of  tin.  About  half  a  mile  north  o1  ! 
this  tunnel  a  great  deal  of  float  ore  of  very  high  grade  has  been  pickec  j 
up  on  the  surface  of  the  ground,  and  considerable  prospecting  by  opei  ! 
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cuts  has  been  done  to  locate  the  lode.  This  locality  is  near  the  con- 
tact between  the  limestone  and  a  large  offshoot  from  the  main  granite 
mass.  Probably  none  of  the  rich  ore  has  been  found  in  place,  though 
one  of  the  prospect  holes  shows  a  thin  seam  of  tourmaline  similar  to 
that  associated  with  the  tin  ore  in  the  contact  between  the  granite 
and  limestone. 

The  prospecting  on  this  mountain  has  unfortunately  been  done 
mostly  on  the  surface  and  at  many  scattered  places,  usually  as  assess- 
ment work,  merely  to  hold  the  various  claims;  consequently  the  devel- 
opment of  possible  veins  or  lodes  has  not  been  commensurate  with 
the  work  done.  In  only  one  case  has  ore  containing  more  than  traces 
of  tin  actually  been  found  in  the  bed  rock,  and  further  work  will  be 
required  to  demonstrate  whether  or  not  ore  bodies  of  commercial 
value  exist. 

BROOKS    MOUNTAIN    PROSPECTS. 

Considerable  prospecting  for. tin  was  done  on  the  surface  of  Brooks 
Mountain,  which  is  located  about  5  miles  north  of  the  Lost  River  local- 
ity, and  lode  deposits  similar  to  those  at  Lost  River  are  reported  to  have 
been  found.  The  locality  has  never  been  examined  in  detail  by  the 
writer,  but  specimens  of  ore  that  were  reported  to  have  been  found 
bere  were  seen  at  Nome.  This  ore  is  similar  in  character  to  that 
obtained  from  the  altered  porphyritic  dikes  of  Lost  River. 

EARS   MOUNTAIN    PROSPECTS. 

Ears  Mountain  is  located  about  60  miles  northeast  of  Cape  Prince  of 
Wales  and  50  miles  north  of  Port  Clarence.  Like  Cape  Mountain,  it 
consists  of  a  granite  mass  surrounded  by  slates  and  limestones  into 
which  it  is  intruded.  Several  parties  of  prospectors  searching  for  tin 
ores  have  visited  this  localhty  during  the  last  two  years,  and  many 
specimens  of  rock  supposed  to  be  tin  ore  have  been  brought  out. 
With  one  exception,  none  of  these  which  were  examined  by  the  writer 
contain  more  than  traces  of  the  metal. 

DARBY    MOUNTAINS. 

Outside  of  the  occurrences  noted  above,  tin  ore  is  not  known  to  have 
been  found  in  place  anywhere  in  Alaska.  These  localities  are  all  in 
the  York  region  of  Seward  Peninsula.  While  the  writer  was  at 
Nome  in  the  early  part  of  the  past  season,  however,  a  specimen  of  tin 
ore  said  to  have  been  found  in  the  region  north  of  Cape  Darby  was 
referred  to  him  by  a  prospector  who  had  recently  returned  to  Nome 
from  Norton  Ray.  The  specimen  seemed  to  be  a  piece  of  granite  that 
had  enough  cassiterite  disseminated  through  it  to  make  up  possibly 
10  per  cent  of  its  weight.  If  this  tind  turns  out  to  be  genuine,  it  will 
indicate  a  wide  distribution  of  tin- bearing  ledges  beyond  the  limits  of 
the  York  region. 
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PLACER-TIN  DEPOSITS. 

GENERAL    CHARACTERS    OF   ALASKAN    STREAM   TIN. 

Tin  ore  in  the  form  of  pebbles  disseminated  through  the  alluvium  is 
more  easily  detected  and  more  easily  mined  than  the  same  ore  con-' 
lined  in  the  bed  rock,  and  in  a  region  overrun  by  prospectors  search- 
ing for  placer  gold,  as  is  Seward  Peninsula,  the  distribution  of  the 
stream  tin  will  be  determined  long  before  its  sources  in  the  bed  rock 
have  been  found.  Small  specimens  of  stream  tin  have  been  found 
in  the  northern  part  of  Seward  Peninsula,  from  Cape  Prince  of  Wales 
to  the  south  shore  of  Kotzebue  Sound,  and  in  the  southern  part  of  the 
peninsula  the  ore  has  been  found  in  several  streams  of  the  Nome  dis- 
trict. The  tin-bearing  gravels  are  shallow  and  of  low  grade,  and  in  a 
region  of  high  wages  and  short  working  seasons,  only  the  most 
promising  deposits  of  this  kind  can  possibly  be  worked  at  a  profit. 

YORK   REGION. 

During  the  past  season  placer  mining  for  tin  was  in  progress  in  the 
York  region  on  Buck  Creek,  and  good  prospects  are  reported  to  have' 
been  found  on  York  River.  Specimens  of  tin  ore  were  discovered  in 
the  gravels  of  one  of  the  streams  of  the  Fairbanks  district  in  thei 
interior  of  Alaska,  None  of  these  localities  have  been  visited  by  thei 
writer  during  the  past  season. 

Buck  Creek  tin  placers. — Buck  Creek,  which  is  situated  about  20 1 
miles  north  of  York,  has  been  the  center  for  placer-tin  mining  opera-; 
tions  since  1901.     During  the  season  of  1904  these  operations  were« 
resumed  on  a  somewhat  larger  scale  and  the  ground  was  handled  with 
horses  and  scrapers.     Iron  riffles  of  the  Hungarian  type  were  used  in 
the  sluice  boxes  and  about  25  ounces  of  gold  were  separated  by  pan- 
ning the  concentrate  from  the  first  three  or  four  bars.     An  unsuccess- 
ful attempt  was  made  to  haul  tin  ore  from  Buck  Creek  to  York  with  su 
traction  engine.     This   machine  moved   itself   several   miles  up   the 
Anikovik  River,   on  the  road   from  York  to  Buck  Creek,  but  was| 
unable  to  cross  the  tundra.     It  is  reported  that  about  60  tons  of  40  to] 
50  per  cent  ore  were  obtained  on  Buck  Creek  and  hauled  with  horsed 
to  York.     In  the  latter  part  of  August  there  was  a  pile  of  about  21:! 
tons  of  tin  ore  at  York  awaiting  shipment. 

York  River. — Considerable  prospecting  was  done  early  in  the  season! 
on  York  River,  a  western  branch  of  the  Pinguk,  which  flows  northwarc 
from  Brooks  Mountain.     Stream  tin  is  reported  to  have  been  found  iml 
the  gravels  for  more  than  10  miles  along  this  river.     In  the  samplei  jj 
seen  by  the  writer  the  cassiterite  is  in  fine  grains  associated  with  smal 
amounts  of  magnetite,  garnet,  tourmaline,  and  quartz.     The  strean 
is  said  to  be  as  promising  as  Buck  Creek,  but  it  is  somewhat  mor< 
difficult  of  access  from  the  coast. 
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Other  localities. — Small  specimens  of  tin  ore,  consisting-  usually  of 
>nly  a  few  pieces,  have  probably  been  found  during  the  season  on 
several  of  the  streams  where  mining  was  in  progress  near  Nome.  One 
;uch  specimen  reported  to  the  writer  came  from  the  gold  placers  on 
he  divide  between  Dry  and  Dexter  creeks,  and  a  considerable  amount 
)f  such  ore  was  found  on  Gold  Bottom  Creek,  at  the  head  of  Snake 
^iver. 

FAIRBANKS    DISTRICT. 

Clean/  Creek  occurrence. — Small  amounts  of  stream  tin  were  also 
!ound  during  the  season  in  the  placers  of  Cleary  Creek,  in  the  Fair- 
>anks  district,  on  the  lower  Xanana.  A  specimen  of  this  kind 
)btained  by  Mr.  Frank  L.  Hess,  of  the  United  States  Geological  Sur- 
rey, consists  of  several  rounded  pieces  of  cassiterite  resembling  that 
)f  the  York  region.  This  discovery  seems  to  be  of  scientific  rather 
,han  economic  importance,  since,  as  in  the  Dawson  region,  the  mineral 
s  found  only  in  small  quantities. 


NOTES  ON  THE  PETROLEUM  FIELDS  OF  ALASKA. 


By  George  C.  Martin. 


INTRODUCTION. 

The  attempts  to  develop  oil  fields  in  Alaska,  which  were  begun  in 
L901,  were  continued  during  the  summer  of  1904.  The  writer  has 
already a  described  to  some  extent  the  geology  and  oil  indications  in 
the  Controller  Bay,  Cook  Inlet,  and  Cold  Ba}^  fields.  These  fields, 
together  with  much  intervening  territory,  were  revisited  during  the 
summer  of  1904.  The  following  pages  contain  the  additional  knowl- 
edge gained  during  the  past  season  and  a  statement  of  the  progress  of 
development. 

CONTROLLER    BAY    PETROLEUM    FIELD. 
LOCATION. 

The  Controller  Bay  petroleum  field  is  situated  on  the  shores  of  Con- 
troller Bay,  about  25  miles  southeast  of  the  mouth  of  Copper  River, 
in  latitude  60°  10'  N.,  longtitude  114°  20'  W.  The  region  withim 
which  there  are  indications  of  petroleum,  and  where  wells  have 
been  drilled,  is  about  20  miles  long  from  east  to  west,  and  7  miles  wide 
from  north  to  south,  and  is  situated  between  Bering  Lake  and  Con- 
troller Bay  and  between  the,  ridge  west  of  Katalia  and  the  Mount  i 
Nitchawak  region. 

GEOLOGY. 

STRATIGRAPHY. 

The  rocks  of  the  Controller  Bay  region  include  a  series  of  complex] 
semimetamorphosed  beds,  a  series  of  oil-bearing  Eocene  shales  (Katalh 
formation),  a  series  of  Oligocene  coal  measures  (Kushtaka  formation) 
a  series  of  Miocene  conglomerates,  sandstones,  and  shales,  a  fev  j 
igneous  rocks,  and  a  large  area  of  alluvial  and  glacial  deposits.  O 
these  the  petroleum  belt  proper  includes  only  the  Katalia  formation 
some  igneous  rocks,  and  alluvial  deposits. 

The  Katalia  formation  consists  of  a  series  of  dark  argillaceous  an< 
carbonaceous  shales,  with  occasional  bands  of  sandstone,  limestone 
conglomerate,  and  volcanic  ash.  These  are  the  rocks  through  whicl 
the  petroleum  of  the  region  reaches  the  surface.     They  are  typical! 

a  Bull.'  U.  S.  Geol.  Survey  No.  225,  1904,  pp.  365-382. 
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exposed  in  the  region  to  the  northeast  of  Katalla  along  the  banks  of 
he  Katalla  River  and  in  the  range  of  hills  to  the  east  of  it.  From  this 
>oint  they  extend  eastward,  occupying  the  whole  of  the  peninsula 
>etween  Bering  Lake  and  Controller  Bay  and  outcropping  in  all  the 
alls  south  and  east  of  Bering  River  except  (probably)  the  Okalee 
fountains.  Good  exposures  were  seen  on  the  west  shore  of  Bering 
^ake,  and  it  is  possible  that  some  of  the  shales  and  sandstones  of 
Cayak  and  Wingham  islands  represent  the  same  formation.  No 
stimate  could  be  made  of  the  thickness  of  the  formation  because  of 
he  complicated  structure  in  all  the  districts  where  it  is  exposed.  A 
ew  fossils  which  have  been  obtained  indicate  that  the  formation  is  of 
Cocene  age. 

The  eastern  shore  of  Bering  River  and  Controller  Bay,  from  a 
>oint  slightly  below  the  mouth  of  Stillwater  Creek  to  the  ocean,  is  a 
at  plain  of  sand  and  mud,  constantly  growing  by  the  addition  of 
ediment  which  the  streams  from  the  southeastern  margin  of  the 
Jering  Glacier  carry  and  deposit  along  their  courses  and  at  their 
louths.  Mount  Nitchawak,  Mount  Campbell,  Mount  Gandil,  and 
ther  peaks  rise  like  islands  from  out  this  plain  of  sand  and  mud. 
t  seems  certain  that  a  very  short  time  ago  they  were  islands  in  an 
lder  extension  of  Controller  Bay  which  has  been  filled  by  the  sedi- 
lent  of  these  glacial  streams.  These  deposits  are  known  to  have  a 
biickness  of  over  580  feet  at  one  point  on  the  Bering  River.  This 
laterial  floors  the  valley  of  Katalla  River  and  of  the  stream  which 
eads  near  it  and  flows  into  Bering  Lake  to  a  depth  exceeding  240 
set,  and  it  also  fills  the  lower  courses  of  most  of  the  other  streams 
rhich  enter  Controller  Bay. 

Another  series  of  deposits  contemporaneous  with  the  last,  yet  dif- 
srent  in  origin,  is  made  up  of  the  beaches,  islands,  and  bars  which 
le  waves  of  the  ocean  are  building  along  these  shores. 

Several  igneous  masses  were  seen  on  the  west  shore  of  Bering 
liver,  near  its  mouth.  These  include  several  dikes  of  a  light- 
^lored,  fine-grained  rock  (tentatively  determined  under  the  micro- 
jope  to  be  a  microgranite)  and  a  fine-grained,  dark-green  igneous 
ock  which,  upon  examination,  proves  to  be  a  chloritized  tuff  or 
olcanic  ash. 

STRUCTURE. 

The  structure  of  this  region  appears  at  first  sight  to  be  extremely 
omplex,  the  strikes  and  dips  being  of  almost  indescribable  irregu- 
irity.  Careful  study  has,  however,  shown  that  part  of  the  irregular 
utcrops  consist  of  large  blocks  that  have  been  displaced  on  the  steep 
illside  by  gravity,  while  some  of  the  irregularities  may  be  due  to  a 
linor  crumpling  in  the  softer  beds.  Others  may  be  due  to  faulting, 
ut  the  amount  of  influence  of  this  factor  is  not  known. 
Bull.  259—05 9 
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After  the  irregularities  due  to  the  above-mentioned  causes  have 
been  eliminated  the  following  structural  features  distinctly  appear. 
The  region  consists  of  an  undetermined  number  of  parallel,  closely 
folded  anticlines  and  synclines,  with  pitching  axes  that  extend  in  ar 
average  direction  N.  35°  E.  The  prevailing  strike  is  northeast  and 
southwest,  and  the  prevailing  dip  is  from  35°  to  60°.  The  most 
plainly  developed  of  these  folds  are  the  Katalla  Valley  anticline,  the 
Strawberry  Point  syncline,  and  the  Chilkat  Creek  anticline. 

The  Katalla  Valley  anticline  extends  through  the  Katalla  Valley  in 
an  average  direction  of  N.  38°  E.  Exposures  on  the  western  flank 
showed  strikes  of  N.  55°  E.  and  N.  85°  E.  with  northwestern  dips, 
varying  from  18°  to  65°  on  the  west  shore  of  Bering  Lake,  and  a 
strike  of  about  N.  40°  E.  with  a  northwest  dip  of  70°  near  the  mouth 
of  Deep  Creek.  The  strata  are  almost  continuously  exposed  along 
the  eastern  flank  in  the  high  ridge  that  forms  the  eastern  side  of  the 
valley.  The  strike  varies  from  north  to  N.  40°  E.  and  the  dip  is 
southeast  at  an  angle  varying  from  32°  to  60°.  The  outcrop  in  the 
high  southern  peak  of  this  ridge  is  an  unexplained  irregularity,  for  the 
strike  is  here  N.  60°  W.  and  the  dip  is  southward  at  an  angle  of  35°. 
Apparently  the  strata  have  been  abruptly  flexed  or  faulted  at  this 
point,  striking  almost  at  right  angles  to  the  rest  of  the  ridge. 

The  Strawberry  Point  syncline  adjoins  the  last-mentioned  fold  on 
the  southeast.  The  rocks  are  best  exposed  in  the  crescent-shaped 
ridge  that  forms  the  northern  shore  of  Strawberry  Harbor  and  pre- 
sents its  concave  face  toward  the  sea.  The  dip  is  everywhere  toward 
this  concavity,  changing  from  southwest  at  Point  Hey  to  southeast  a 
Cave  Point,  showing  the  presence  of  a  pitching  syncline  of  which  onli 
the  nose  is  on  land.  This  fold  becomes  less  evident  as  one  crosses  inw 
the  steep  slopes  in  the  valley  of  Mary  Creek,  but  can  be  traced  in  j 
general  direction  of  about  N.  32°  E.  almost  to  Bering  Lake.  Th  i 
outcrops  in  the  valley  of  Burls  Creek  are  on  the  eastern  flank  and  nea 
the  northern  end  of  this  fold.  These  outcrops  show  great  local  varia 
tion,  many  of  them  doubtless  being  large  blocks  which  have  becom  \ 
involved  in  landslides  of  great  magnitude. 

The  fold  next  east  of  this  whose  presence  is  definitely  established : 
the  Chilkat  Creek  anticline.     This  is  a  sharp  fold  whose  axis  extenc 
N.   35°  E.  through  the  valley  of  Chilkat  Creek.     The  center  of  tt  j 
anticline  is  very  steep  and  is  locally  crumpled.     The  dip  on  the  flanl 
averages  about  45°. 

The  ridge  east  of  this  valley  between  it  and  Bering  River  is  appa 
ently  synclinal,  with  a  strike  ranging  from  N.  35°  to  40°  E.     Th 
fold  is  very  sharp  along  the  axis,  for  the  rocks  at  the  mouth  of  Berii  •: 
River  stand  vertical,  though  farther  up  the  river  the  dip  is  north  we 
at  an  angle  of  40°. 

The  same  northeast  strike  and  northwest  dip  may  be  seen  on  Kayi 
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and  Wingham  islands  and  in  the  hills  of  the  Nitchawak  region.  Each 
of  these  areas,  considered  independently,  is  therefore  monoclinal. 
The  intervening  areas,  where  the  solid  rock  is  concealed  by  water  or 
lowland,  are  so  broad  that  the  general  structure  can  not  be  made  out. 
The  oil  region  is  bounded  on  the  west  by  an  area  of  semimetamor- 
phosed  rocks,  from  which  it  is  probably  separated  by  a  fault. 

The  area  north  and  northeast  of  Bering  Lake  is  in  greater  part  of 
monoclinal  structure  and  of  uncertain  structural  relations  to  the  region 
south  of  the  lake. 

DEVELOPMENT    OF   THE    FIELD. 

PREVIOUS    DRILLING    AND    ITS   RESULTS. 

Fifteen  wells  had  been  drilled  or  were  drilling  in  this  region  in  Sep- 
tember, 1901.  Of  these  two  are  in  the  Katalla  Valley,  one  is  3  miles 
east  of  Katalla  near  Cave  Point,  two  are  on  Strawberry  Harbor,  nine 
are  between  the  head  of  Katalla  Slough  and  the  mouth  of  Bering 
River,  and  one  is  on  Bering  River  about  4  miles  above  its  mouth.  Of 
these  wells,  three  (one  in  the  Katalla  Valley,  one  on  Strawberry  Har- 
bor, and  one  on  Bering  River)  were  abandoned  before  they  reached 
bed  rock.  Four  of  them  (one  in  the  Katalla  Valley,  one  at  Strawberry 
Harbor,  and  two  west  of  the  mouth  of  Bering  River)  are  still  drilling. 
Of  the  remaining  eight  wells,  three  were  mentioned  in  an  earlier 
report."  One  of  these  wells  is  now  furnishing  oil  which  is  used  as 
fuel  at  the  other  wells  of  the  same  company.  No  statistics  regarding 
the  present  production  of  the  well  are  at  hand,  nor  is  it  known  how 
much  greater  the  yield  might  be  if  the  well  were  pumped  continuously. 

The  following  is  a  record  of  this  well  as  reported  by  the  Alaska 
Steam  Coal  and  Petroleum  Syndicate,  and  published  by  Mr.  F.  H. 
Oliphant: b 

6  feet  surface  drift 6 

10  feet  decomposed  shale 16 

140  feet  light-colored  shale 156 

18  feet  fine-grain  sandstone 174 

One-half  foot  coal  contained  in  the  sandstone 174? 

190  feet  dark  shale,  very  hard 364£ 

One-half  foot  quartz  containing  iron  pyrites,  and  contained  in  the  shale 365 

1  foot  oil  sand  and  flow  of  oil 1 

Total 366 

Length  of  12-inch  casing , » 220 

Length  of  9f-inch  casing 340 

Numerous  small  showings  of  petroleum  and  natural  gas  were  encountered  as  the 
drill  proceeded  down,  and  at  366  feet  a  large  quantity  of  oil  was  developed,  which 
flowed  some  petroleum.     The  well  is  said  to  have  continued  to  flow  until  capped. 

«  Bull.  U.  S.  Geol.  Survey  No.  225,  pp.  368-369. 

bThc  production  of  petroleum  in  1902:  Mineral  Resources  U.  S.,  p.  583. 
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The  amount  of  authentic  information  which  has  been  given  out  for 
publication  regarding  the  wells  is  extremely  small,  but  it  is  reported 
that  none  of  the  remaining  five  wells  have  produced  oil  in  commercial 
quantities.  It  is  furthermore  said  that  none  of  them  have  reached 
depths  exceeding  1,100  feet,  in  which  case  it  may  be  assumed  that  the 
possibilities  of  the  field  have  not  yet  been  conclusively  tested. 

Great  difficulty  has  been  experienced  in  all  parts  of  the  field  in  keep- 
ing the  holes  straight  and  free  from  water.  These  difficulties  and  the 
distance  from  all  points  where  special  fishing  and  repairing  tools  can 
be  procured  have  made  progress  very  slow  and  deep  drilling  some- 
times  impossible.  Perhaps  some  of  the  wells  would  have  been  more 
successful  if  they  could  have  been  continued  to  greater  depths. 

Mr.  F.  H.  Oliphant,  in  summarizing  the  developments  during  1903, 
said  of  this  field:  a 

The  developments  in  Alaska  during  1903  have  not  resulted  in  any  commercial  pro- 
duction of  petroleum,  notwithstanding  the  numerous  surface  indications  and  the 
wells  that  have  been  completed  in  the  supposed  productive  territory.  The  pros- 
pectors should  not,  however,  be  discouraged,  although  it  may  require  patience  and 
careful  prospecting  with  the  drill  to  tap  the  reservoirs,  whose  existence  seems  to  be 
indicated  by  remarkable  surface  shows  of  both  petroleum  and  natural  gas. 

Three  wells  which  were  located  on  mud  flats  at  some  distance  from 
high  land  or  from  exposure  of  solid  rock  had  difficulty  or  did  not  i 
succeed  in  reaching  bed  rock.  In  two  cases  the  drive  pipe  was  sunk 
to  depths  of  210  and  580  feet  through  mud  without  reaching  solid  \ 
rock.  These  experiments  show  conclusively  the  inadvisability,  in  the 
present  stage  of  development,  of  attempting  to  locate  wells  on  the 
flats.  After  a  field  is  proved,  then  the  mud  flats  adjoining  it  longi- 
tudinally may  be  considered  to  have  a  speculative  value.  At  present 
there  is  no  indication  that  they  are  worth  anything. 

Another  illustration  of  the  folly  of  investing  in  the  low  grounds, 
and  also  of  investing  without  thorough  investigation,  is  the  case  of  a 
tract  which  was  staked  and  sold  for  $1,700  during  last  winter.  In 
the  spring  the  supposed  land  floated  and  melted  entirely  away,  the 
stakes  having  been  driven  in  the  ice  off  the  shore  of  Controller  j 
Bay.  It  is  generally  believed  in  the  region  that  there  was  no  intent 
to  defraud. 

RELATION  OF  PETROLEUM  TO  STRUCTURE. 

Most  of  the  more  important  seepages  between  Katalla  and  Bering 
River  fall  approximately  on  three  straight  lines,  each  having  a  genera  ! 
northeast-southwest  direction.  These  lines  are  nearly  parallel  to  th< 
strike  in  their  vicinity,  and  are  undoubtedly  influenced  in  positioi 
and  direction  by  the  structure.  They  probably  represent  the  out' 
crops  of  oil-bearing  strata.  The  easternmost  of  them  is  on  th 
western  flank,  but  very  close  to  the  crest  of  the  Chilkat  Creek  anti 

a  The  production  of  petroleum  in  1903:  Mineral  Resources  U.  S.,  p.  690. 
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cline.  The  westernmost  is  on  the  eastern  Hank,  and  about  halfway 
down  the  Katalla  Valley  anticline.  Those  in  the  valley  of  Burls  Creek 
are  in  a  less  certain  structural  position.  The  gas  springs  on  the  banks 
of  the  Katalla  River  are  probably  located  on  or  near  the  crest  of  the 
Katalla  Valley  anticline.  It  seems  probable  that  in  this,  as  in  most 
other  fields,  the  occurrence  of  oil  is  controlled  by  the  structure.  The 
location  of  the  anticlines  and  the  structural  position  of  the  strata  out- 
cropping at  the  lines  of  seepages  will  probably  prove  to  be  the  safest 
guide  in  the  location  of  the  wells. 

THE  COOK  INLET   PETROLEUM   FIELDS. 

But  little  of  economic  value  can  be  added  to  the  description  of  the 
structure  as  given  in  earlier  publications."  The  Mesozoic  rocks  are 
much  thicker  than  was  previously  estimated.  The  Middle  and  Upper 
Jurassic  rocks,  overling  the  surface  rock  where  the  wells  are  being 
drilled,  are  about  7,000  feet  thick.  The  underlying  beds  probably 
consist  of  about  1,000  feet  of  Middle  Jurassic,  an  unknown  amount 
of  Lower  Jurassic,  and  probably  at  least  2,000  feet  of  Triassic.  The 
structure  has  already  been  described. 

The  first  well  at  Oil  Bay  was  begun  in  1898  and  has  been  drilled  to 
I  depth  of  somewhat  over  1,000  feet.  No  log  of  this  well  or  any  very 
authentic  information  can  be  obtained,  as  the  property  has  changed 
management  several  times.  It  is  reported  that  gas  was  encountered 
all  the  way  below  190  feet,  and  that  considerable  oil  was  found  at  a 
depth  of  700  feet.  The  flow  of  oil  is  reported  as  having-  been  esti- 
mated at  50  barrels.  On  drilling  deeper  a  strong  water  pressure  was 
encountered,  which  shut  off  the  flow  of  oil.  The  well  is  now  over  1,000 
feet  in  depth  and  affords  a  continuous  flow  of  gas,  which  at  times 
becomes  very  strong.  Attempts  have  been  made  to  shut  off  the  flow  of 
water  and  either  recover  the  lost  oil  or  drill  deeper,  but  without 
success. 

A  second  well,  located  about  a  quarter  of  a  mile  west  of  the  older 
one  at  Oil  Bay,  was  drilled  during  the  summer  of  1904. 

Record  of  well  as  reported  by  August  Bowser. 

Feet. 

Sandstone 200 

Shale - 120 

Oil  and  some  gas 1 

hale  (caving) 129 


\    The  well  was  abandoned  at  a  depth  of  450  feet  because  the   shale 

Eaved  so  badly. 
A  third  well,  located  about  250  feet  south  of  the  last,  was  also  drilled 
luring  the  summer  of  1904. 
The  general  sequence  of  strata  was  the  same  as  in  the  last  well,  the 

a  Bull.  U.  S.  Geol.  Survey  No.  225,  1904,  pp.  376-379;  Bull.  U.  S.  Geol.  Survey  No  250,  1905. 
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whale  continuing  to  the  bottom  of  the  hole.  The  well  was  cased  to  a 
depth  of  630  feet.  Oil  and  gas  were  encountered  at  a  depth  of  770 
feet,  there  being  three  small  oil  sands,  each  6  to  8  inches  thick  and  4 
or  5  feet  apart.  The  production  of  the  well  was  estimated  at  10  bar- 
rels. The  caving  rock  was  encountered  at  830  feet.  Work  was 
stopped  at  a  depth  of  900  feet  at  the  end  of  the  season.  Considerable 
gas  was  encountered  at  various  depths,  the  pressure  at  times  being 
strong  enough  to  blow  the  water  up  in  the  derrick  to  a  height  of 
20  feet. a 

A  well  at  Dry  Bay  was  drilled  to  a  depth  of  320  feet  in  the  summer 
of  1902  without  encountering  oil.  The  tools  were  then  lost  and  the 
hole  was  abandoned.  In  August,  1903,  a  new  well  was  started  in  close 
proximity  to  the  first,  but  not  much  was  accomplished,  and  work  was. 
discontinued  a  few  months  later  because  of  an  accident  to  the  machinery. 
Nothing  has  been  done  during  last  season. 

THE   COLD   BAY   PETROLEUM   FIELDS. 

The  hurried  observations  which  the  writer  made  in  this  field  in  the 
summer  of  1903,  and  which  have  been  already  published,6  have  been 
supplemented  by  a  much  more  careful  examination  during  the  summer 
of  1904.  Many  new  facts  have  been  obtained  which  make  it  necessary 
to  redescribe  the  geology. 

GEOLOGY. 

STRATIGRAPHY. 

The  following  rocks  are  exposed  in  the  Cold  Bay-Becharof  Lake 
region : 

General  section  in  the  Cold  Bay-Becharof  Lake  region. 


Name  of  formation. 


Naknek    forma- 
tion. 

Enochkin      for- 
mation. 


Age. 


Post- Jurassic 

Upper  Jurassic 

Middle  Jurassic 

Triassic 

Pre- Jurassic 


Lithologic  character. 


Volcanic   rock,   probably 
andesite  or  basalt. 

Arkose,  conglomerate, 
sandstone,  and  shale. 

Shale,  sandstone,   and  a 
little  limestone. 

Shale,      limestone,      and 
chert. 

Granite,  syenite,  etc 


Thickness  in  feet. 


3,  000  to  5,  000 
2,000 


The  coarse  crystalline  rocks  (granite,  syenite,  and  rocks  of  similar 
texture)  occur  in  a  belt  that  runs  parallel  to  the  length  of  the  Alaska 
Peninsula.  They  cross  the  lower  end  of  Becharof  and  Naknek  lakes 
and  possibly  underlie  the  Cold  Bay  region. 

a  Information  furnished  by  Mr.  August  Bowser. 

bBull.  U.  S.  Geol.  Survey  No.  225,  1904,  pp.  380-382;  Bull.  U.  S.  Geol.  Survey  No.  250,  1905. 
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The  Triassic  rocks  occur  on  Cape  Kekurnoi  at  the  eastern  entrance 
to  Cold  Bay,  and  on  some  of  the  capes  and  islands  to  the  northeast. 
They  doubtless  underlie  the  Jurassic  throughout  the  Cold  Bay  region. 

The  Enochkin  formation  occupies  both  shores  of  Cold  Ba}^  except  at 
the  northeastern  promontory  (Cape  Kekurnoi)  and  at  the  head  of  the 
bay.  It  also  extends  in  a  belt  along  the  shore  of  Shelikof  Strait  from 
Cold  Bay  to  Dry  Bay  and  probably  as  far  beyond  as  Portage  Bay. 

The  Naknek  formation  forms  the  shore  of  the  head  of  Cold  Bay  and 
occupies  the  entire  interior  region  as  far  west  as  Becharof  Lake  and  as 
far  north  as  Katmai. 

The  post-Jurassic  volcanic  rocks  occur  in  a  discontinuous  belt  near 
the  center  of  the  peninsula.  This  belt  includes  several  volcanoes  which 
lave  been  active  in  comparatively  recent  time.  The  lavas  are  probably 
ill  either  andesite  or  basalt. 

STRUCTURE. 

The  most  striking  structural  features  are  an  anticline  witli  a 
northeast-southwest  axis  extending  from  a  point  3i  miles  above  the 
mouth  of  Oil  Creek  to  Kanata  and  a  syncline  extending  from  near  the 
mouth  of  Oil  Creek  northeastward  into  Cold  Bay.  The  northern  end 
jf  this  s}Tncline  is  cut  off  lyy  a  fault  which  extends  up  the  valley  of 
Dry  Creek.     The  anticline  terminates  by  flattening  out. 

The  dip  is  quite  uniformly  northwestward  on  the  north  shore  of 
yold  Bay  and  on  the  north  side  of  Dry  Creek.  Along  the  south- 
eastern side  of  Becharof  Lake  it  is  northwestward  and  westward.  On 
the  western  shore  of  Cold  Bay  it  is  northwestward  or  horizontal.  On 
Dry  Bay  it  is  southeastward.  The  dips  seldom  exceed  15°,  except 
toward  the  mouth  of  the  bay,  and  are  low  and  regular  over  wide 
ireas. 

The  region  between  Becharof  Lake  and  the  Becharof-Cold  Bay 
divide  has  a  uniform  westward  and  northwestward  dip.  This  dip  is 
reversed  again  near  the  center  of  the  peninsula,  so  that  part  of 
Becharof  Lake  lies  in  a  syncline,  while  near  its  northwestern  shore  a 
sharp  anticline  is  said  to  rise,  which  brings  to  the  surface  not  only  the 
entire  sedimentary  series,  but  also  the  mass  of  coarse  crystalline  rocks 
:hat  form  the  core  of  the  peninsula  throughout  most  of  its  length. 
There  is  also  a  great  anticline  parallel  to  the  southern  coast  that  has 
its  axis  near  the  ends  of  the  forelands. 

INDICATIONS    OF    PETROLEUM. 

SEEPAGES. 

There  are  several  seepages  at  the  north  end  of  the  anticline  near 
the  oil  wells.     In  all  of  these  the  flow  of  petroleum  is  large  and  con- 
stant.    One  of  them  furnishes  lubricating  oil  for  use  at  the  wells, 
here  is  also  a  considerable  flow  of  gas  at  one  of  these  seepages. 
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Other  seepages,  not  seen  by  the  writer,  are  reported  from  various 
places  along  the  crest  of  this  same  fold,  near  the  head  of  Dry  Bay, 
and  elsewhere  between  that  point  and  Kanata.  There  are  said  to  be 
even  more  important  seepages  on  the  west  shore  of  the  south  arm  of 
Becharof  Lake. 

DEVELOPMENTS. 

Three  wells  were  begun  in  the  summer  of  1903.  They  are  located 
about  5  miles  from  the  landing  on  the  west  shore  of  Cold  Bay,  at  an 
elevation  of  about  750  feet  above  tide,  and  are  distant  about  9  miles 
in  an  air  line  from  Becharof  Lake. 

One  of  the  wells  begun  during  the  summer  of  1903  was  abandoned 
in  the  autumn  at  a  depth  of  several  hundred  feet,  and  the  derrick  was 
moved  to  a  new  site  a  few  hundred  feet  distant.  Very  little  drilling 
had  been  done  at  this  point  up  to  the  time  the  writer  left  Alaska. 

The  second  well  was  drilled  to  a  depth  of  about  1,400  feet.  The 
drill  is  said  to  have  penetrated  several  strata  filled  with  thick  residual 
oil  having  about  the  consistency  of  warm  pitch.  This  well  was  finally 
abandoned  during  the  summer  of  1904,  because  of  the  strong,  contin- 
ual flow  of  fresh  water.  It  is  now  certain  that  this  well  is  situated 
near  a  fault,  which  fact  would  seem  to  explain  the  presence  of  large 
amounts  of  fresh  water  at  all  depths,  and  also  the  absence  of  the  more 
volatile  and  fluid  constituents  in  the  oil.  The  machinery  from  this 
well  has  now  been  moved  to  a  new  location  about  2-f  miles  southeast- 
ward on  Trail  Creek.  At  last  reports  it  had  reached  a  depth  of 
1,500  feet. 

Record  of  well  at  Cold  Bay. 

Thickness  in  feet. 

Sandstone 76 

Hard  sand,  with  crevices 39 

Sand,  with  hard  streaks 85 

Oil  sand,  not  hard 40 

Sandstone,  with  hard  streaks 60 

Oil  sand,  soft 8 

Sandstone,  with  hard  streaks 82 

Oil  sand 25 

Soft,  argillaceous  sandstone 15 

Soft,  blue  sandstone  with  oil 5 

Total 435 
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CHARACTER  OF  THE  OIL  BAY  AND  COLD  BAY  PETROLEUM. 

Samples  of  the  oil  from  Oil  Bay  and  Cold  Bay  have  been  collected 
by  the  writer.  They  were  obtained  by  skimming-  the  petroleum  from 
the  surface  of  the  pools  of  water  where  it  was  continually  rising  from 
the  bottom  of  the  pool.  An  effort  was  made  to  obtain  as  much  of 
the  fresher  oil  as  possible.  Vegetable  and  earthy  impurities  were 
removed  by  straining  through  coarse  cloth.  Water  could  not  be 
entirely  removed.  Oil  for  lubricating  purposes  at  the  neighboring 
wells  is  obtained  from  these  pools  in  this  manner. 

The  fresher  oil  is  dark  green.  That  which  has  remained  on  the  sur- 
face of  the  pool  for  some  time  is  dark  brown. 

The  oil  has  doubtless  lost  a  large  part  of  its  volatile  constituents. 
The  analyses,  therefore,  would  not  correctly  represent  the  composi- 
tion of  live  oil  from  wells  in  this  region.  Such  oil  would  have  a  lower 
specific  gravity,  higher  percentage  of  the  more  volatile  constituents, 
and  lower  percentage  of  the  less  volatile  constituents,  residue,  and  sul- 
phur. It  would  certainly  be  better  than  these  samples  in  all  respects, 
and  would  resemble  them  in  having  a  paraffin  base.  It  might  not  be 
of  as  high  quality  as  the  Controller  Bay  petroleum,  but  neverthless  it 
would  be  a  refining  oil. 

The  samples  were  submitted  to  Penniman  &  Browne,  of  Baltimore, 
who  return  the  following  report  on  their  tests: 

Report  of  tests  of  oil  from  Oil  Bay  and  Cold  Bay. 


Oil  Bay. 


Cold  Bay. 


Specific  gravity  at  60°  F. 


Distillation  by  Engler's  method: 

Initial  boiling  point „ 

Burning  oil  (distillation  up  to  300°  C, 
under  atmospheric  pressure). 

Lubricating  oils  (spindle  oils)  (120  mm. 
pressure  up  to  300°  C. ) 

Lubricating   oils    (120    mm.    pressure, 
300°C.-350°C). 

Paraffin  oils  (by  destructive  distillation 
under  atmospheric  pressure. 

Coke  and  loss 

Total  sulphur 


0.9557... 

(16.  5( 


B.) 


230°  C 

13.  2  percent 

(29.5°  B.) 

39.2  per  cent 

(22.6°  B.) 

19.6  per  cent 

(17.9°  B.) 

22.4  per  cent 

(20.4°  B.) 

5.6  per  cent 

0.098  percent... 


0.9547. 

(16.6°  B.) 

225°  C. 

13.3  per  cent. 
(29.6°  B.) 

28.3  per  cent. 
(23.8°  B.) 

18.3  per  cent. 
(18°  B.) 

32.0  per  cent. 
(20.4°  B.) 

8.1  per  cent. 

0.116  per  cent. 


The  distillation  of  the  lubricating  oils  under  diminished  pressure,  corresponding  to 
refinery  practice,  was  carried  on  until  signs  of  decomposition  set  in.  The  resulting 
residue  was  unsuitable  for  making  cylinder  stock,  and  was  therefore  distilled  for 
paraffin  oils.  These  paraffin  oils  contain  a  considerable  quantity  of  solid  paraffin. 
It  was  not  practicable  to  determine  the  amount  of  the  material  with  the  small 
amount  of  oil  at  our  disposal. 
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The  iodine  absorption  of  the  oils  and  distillates  has  been  determined  by  Hanus's 
method  (solution  standing  four  hours)  and  the  results  are  here  tabulated: 

Iodine  absorption  of  oils  and  distillates. 


Cold  Bay. 


Burning  oil 

Lubricating  oil 

Heavy  lubricating  oil 


Per  cent. 
17.2 
27.2 
35.2 


These  iodine  numbers  upon  the  lubricating  oils  were  obtained  upon  the  samples. 
For  comparison,  samples  of  similar  oils  were  obtained  from  the  Standard  Oil  Com- 
pany and  the  iodine  numbers  determined  as  follows: 

Light  distillated  lubricating  oil  (spindle  oil) 32  per  cent  iodine. 

Dark  lubricating  oil  ( engine  oil) 45.4  per  cent  iodine. 

The  burning  oils  were  tested  in  a  small  lamp  and  found  to  give  a  good  flame.  All 
the  oil  was  consumed  without  incrusting  the  wick  or  corroding  the  burner. 

The  sample  of  crude  oil  from  Cold  Bay  was  distilled  in  such  a  way  as  to  give  the 
maximum  yield  of  burning  oil.  Under  these  conditions  52.2  per  cent  of  fair  quality 
burning  oil  was  obtained. 

The  oils  are  entirely  similar,  both  have  paraffin  bases,  and  the  products  of  distilla- 
tion are  "sweet."  We  are  informed  that  these  samples  are  "seepage  oils."  If  a 
sufficient  yield  can  be  obtained  by  drilling,  a  very  suitable  oil  for  refinery  purposes 
may  be  expected,  containing  a  very  much  larger  quantity  of  the  more  desirable 
lighter  products. 

OTHER  POSSIBLE  PETROLEUM  FIELDS. 

Indications  of  petroleum  have  been  reported  from  other  parts  of  the 
Alaska  coast,  at  some  of  which  land  has  been  staked  or  other  invest- 
ments made. 

Seepages  are  reported  from  the  shores  of  Kamishak  Bay,  especially 
at  Douglas  River.  The  rocks  in  this  region  are  shales,  sandstones, 
and  conglomerates  of  Jurassic  age.  They  are  the  equivalent  in  age  of 
the  beds  overlying  the  Enochkin  formation  in  the  region  to  the 
north  already  described.  The  rocks  are  here  horizontal  or  have  very 
gentle  dips  over  large  areas,  and  it  would  seem  to  be  a  promising 
region  to  prospect  with  the  drill.  If  the  Middle  and  Lower  Jurassic 
rocks  in  the  Enochkin  or  Cold  Bay  regions  prove  to  contain  oil  in  com- 
mercial quantity  it  would  seem  that  new  fields  might  reasonably  be 
expected  on  the  coast  at  Douglas  River  and  for  20  miles  westward. 
This  is,  however,  a  difficult  place  to  land  machinery,  for  the  bays  are 
all  shallow  and  tilled  with  rocks,  while  numerous  uncharted  reefs 
extend  out  many  miles  from  shore  into  Cook  Inlet.  The  writer  is, 
therefore,  not  inclined  to  encourage  speculation  here,  at  least  until 
more  encouraging  news  is  heard  from  the  drills  already  at  work. 
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The  geology  of  the  coast  between  Snug  Harbor  and  Chinitna  Bay, 
between  the  east  side  of  Enochkin  Bay  and  Bear  Bay,  and  between 
Douglas  River  and  Katmai  does  not  warrant  in  the  slightest  degree 
any  petroleum  prospecting.  Along  much  of  this  coast  are  only  vol- 
ume and  other  crystalline  rocks,  in  which  the  occurrence  of  petroleum 
is  an  absolute  impossibility. 

Petroleum  seepages  are  reported  from  the  shores  of  Kachemak  Bay. 
There  is  nothing  in  the  geology  of  the  region  to  disprove  the  occur- 
rence of  oil  on  the  north  shore  of  the  bay,  but  the  author  does  not 
relieve  that  investment  would  be  justified,  at  present  at  least,  unless  it 
is  shown  beyond  doubt  that  good  seepages  exist. 

Seepages  have  been  reported  from  various  points  on  the  Alaska 
Peninsula  to  the  west  of  the  Cold  Bay  region.  Too  little  is  known  of 
the  structure  of  this  region  to  warrant  public  advice. 

The  indications  of  petroleum  in  the  Cape  Yaktag  region  have  already 
been  described  in  a  previous  publication.  No  drilling  has  been  done 
in  this  field  and  there  is  nothing  to  add  to  the  previous  descriptions  of 
the  geology. 


BERING  RIVER  COAL  FIELD. 


By  George  C.  Martin. 


INTRODUCTION. 


The  Bering  River  coal  field  is  situated  from  12  to  25  miles  inland 
from  Controller  Bay,  on  the  northern  tributaries  of  Bering  River  and 
about  35  miles  east  of  Copper  River.  This  field  has  attracted  consid- 
erable attention  in  recent  years  because  of  the  very  high  quality  of 
the  coal  and  the  great  number  and  thickness  of  the  seams.  The 
region  was  hastily  studied  by  the  author  during  the  summers  of  1903 
and  1901.  The  results  of  earlier  work  have  already  been  published  in 
abstract,"  while  a  more  complete  discussion  b  together  with  maps  is  in 
press.  The  latter,  although  based  primarily  upon  the  field  work  of 
1903,  has  been  revised  in  proof  since  the  close  of  the  field  season  of 
1901.  The  following  pages  are  hence  in  part  a  duplication  of  the 
chapter  on  coal  in  Bulletin  250.  The  writer  has  attempted  to  present 
the  purely  economic  facts  more  clearly  in  the  following  pages  than 
was  possible  with  the  limited  amount  of  revision  allowed  in  the  other 
publication.  Facts  other  than  economic  will  be  found  more  fully 
presented  in  Bulletin  250. 

Since  the  passage  of  the  law  providing  for  the  survey  and  sale  of 
coal  lands  in  Alaska  there  has  been  renewed  activity  in  the  develop- 
ment of  this  field.  The  construction  of  many  miles  of  trails  and  of 
upward  of  a  hundred  new  prospect  openings  made  it  possible  for  the 
writer,  during  a  brief  visit  to  the  field  in  the  autumn  of  1904,  to  gather 
many  new  facts  concerning  the  geology  and  coal  deposits  of  the  region. 
The  result  not  only  confirms  the  earlier  favorable  opinion  of  the  field, 
but  proves  that  the  amount  of  coal  is  far  greater  than  was  hitherto 
suspected. 

GEOLOGY. 

The  coal  area  now  known  is  situated  entirely  within  the  valley  of 
Bering  River  and  on  the  northern  tributaries  of  that  stream  (fig.  8). 
The  southern  or  coastward  boundary  of  the  coal  area  coincides  with  the 
position  of  Bering  River  and  Bering  Lake.  The  western  boundary 
probably  lies  along  a  north-south  line  extending  through  the  northern 

a  Petroleum  fields  of  Alaska  and  the  Bering  River  coal  field:  Bull.  U.  S.  Geol.  Survey  No.  225,  1904, 
pp.  365-382. 

bThe  petroleum  fields  of  the  Pacific  coast  of  Alaska,  with  a  description  of  the  Bering  River  coal 
deposits:  Bull.  U.  S.  Geol.  Survey  No.  250,  1905. 
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rni  of  Bering  Lake.  The  coal  is  known  to  extend  as  far  northward 
I  the  Martin  River  Glacier  and  as  far  eastward  as  the  valley  east  of 
Carbon  Mountain.  This  area  includes  about  120  square  miles.  It  is 
pssible  that  further  exploration  will  reveal  the  presence  of  coal  north 
»f  Martin  River  Glacier  in  the  foothills  of  the  Chugach  Mountains, 
>r  in  the  region  to  the  east  of  Carbon  Mountain. 


Fig.  8.— Sketch  map  of  Bering  River  coal  field. 

The  lowlands  bordering  the  northeast  shore  of  Bering  Lake  and 
xtending  for  a  considerable  distance  up  the  valleys  of  Shepherd  Creek, 
Bering  River,  and  other  streams  are  doubtless  underlain  with  coal. 
?he  covering  of  mud  and  other  soft  deposits  is  probably  ver}^  thick, 
nd  the  uncertainties  of  deep  mining  below  it  are  so  great  that  these 
ands  must  now  be  regarded  as  of  very  doubtful  value.  The  same 
pplies  to  the  region  covered  by  the  Bering,  Martin  River,  and  Kush- 
aka  glaciers  (fig.  8).     The  estimates  given  above  of  the  coal  area 
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include,  therefore,  only  the  high  land  lying  above  and  between  the 
tidal  flats  and  river  flats  and  the  glaciers. 

The  coal-bearing  rocks  have  been  designated  by  the  writer  as  the 
Kushtaka  formation,  which  contains  fossil  plants  of  supposed  Oligo- 
cene  age,  and  is  the  probable  equivalent  of  at  least  part  of  the  Kenai 
formation  of  the  Cook  Inlet  region.  This  formation  has  the  area] 
extent  described  above  and  is  adjoined  on  the  south  by  the  Katalla 
formation,  which  it  probably  overlies.  Its  area!  and  structural  rela- 
tion to  other  formations  to  the  west,  north,  and  east  is  not  known. 


Fig.  9.— Sketch  map  of  Bering  River  coal  field,  showing  location  of  openings  from  which  samples  o 

coal  analyzed  were  obtained. 

The  Kushtaka  formation  consists  of  probably  several  thousand  fee 
of  sandstone,  shales,  arkose,  and  volcanic  ash,  with  many  coal  seams 

The  prevailing  strike  over  the  greater  part  of  the  coal-bearing  ares 
is  about  N.  40°  E.  The  prevailing  dip  is  northwest  at  an  angle  o 
about  45°.  This  monoclinal  dip  is  apparently  modified  by  only  tw<< 
folds  within  the  region  now  known.  There  is  at  least  one  fault  o 
considerable  length  and  displacement,  and  several  smaller  ones. 

One  of  these  folds  is  an  anticline  exposed  near  the  headwaters  o 
Queen  Creek  (fig.  9)  on  the  divide  between  the  Shepherd  Creek  am 
Lake  Kushtaka  valleys.  The  rocks  here  have  a  strike  of  N.  64°  ti 
66°  E. ,  with  a  northwest  dip  of  42°  on  the  northwest  flank  of  the  f ol 
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and  a  southeast  dip  of  58°  on  the  southeast  flank.  The  latter  is  cut  by 
a  fault  of  unknown  but  probably  considerable  magnitude.  The  other 
fold  is  a  sharp  syncline  which  apparently  lies  in  the  hills  east  of  Lake 
Charlotte.  Its  presence  is  indicated  by  the  fact  that  the  dip  of  the 
Charlotte  seam  at  the  openings  above  the  lake  (fig.  9)  is  southward. 
It  is  not  known  how  far  in  either  direction  this  southeast  dip  continues. 

COAL  SEAMS. 

Several  valuable  seams  have  recently  been  opened  in  the  valley  of 
Canyon  Creek  and  on  the  opposite  (east)  side  of  Carbon  Mountain.  It 
is  said  that  of  fifteen  openings  in  the  same  seam  on  Carbon  Mountain 
which  showed  a  range  of  thickness  from  9  to  25  feet,  nine  openings 
revealed  a  thickness  of  14  feet  or  more.  About  a  dozen  workable 
seams  have  been  reported  from  this  region.  The  writer  has  already 
published  the  following  sections  of  the  coal  and  coke  seen  by  him  in 
this  vicinity/'  those  described  above  not  having  been  opened  at  the 
time  of  his  visit  in  1903. 

Four  seams  are  exposed  on  the  east  bank  of  Canyon  Creek.  Three 
miles  above  the  mouth  a  seam  has  a  thickness  of  2  feet  9  inches,  is 
overlain  by  sandstone,  and  has  a  shale  floor.  The  strike  is  N.  80°  E., 
the  dip  westward  at  an  angle  of  35°.  The  section  was  measured  at 
the  level  of  the  valley  bottom.  This  seam  is  variable  in  thickness, 
pinching  out  somewhat  higher  in  the  bluff. 

Four  miles  above  the  mouth  of  Canyon  Creek  (fig.  9)  a  seam  has  a 
thickness  of  4  feet  2  inches;  it  strikes  N.  10°  E.  and  dips  westward  at 
an  angle  of  60°  and  has  a  shale  roof  and  floor. 

At  the  south  end  of  Carbon  Mountain  there  is  a  high  bluff,  where 
Bering  River  has  been  pushed  against  the  end  of  the  mountain  by  the 
Bering  Glacier,  and  here  the  following  section  was  measured: 

Section  at  south  end  of  ( 'arbon  Mountain,  Alaska. 

Feet. 

Sandstone 30 

Coke 1 

Sandstone 20 

Coke 2 

Sandstone 2  to    5 

Coke 1  to    5 

Sandstone 3 

Coke 1 

Sandstone 8 

Coke If  to  2\ 

The  strike  at  this  point  is  N.  80°  W.,  the  dip  is  northward  at  angles 
ranging  from  20°  to  25°. 

The  valley  of  Stillwater  Creek  and  Lake  Kushtaka  has  been  shown 
to  contain  a  great  deal  of  valuable  coal.  A  trail  recently  built  north- 
ward from  the  western  shore  of  Lake   Kushtaka  exposes  15  or  16 

a  Bull.  U.  S.  Geol.  Survey  No.  225,  1904,  p.  372. 
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seams.  The  writer  has  seen  one  seam  on  the  west  side  of  Lake  Kush- 
taka,  which  has  a  thickness  of  over  22  feet,  and  several  others  with 
thicknesses  of  from  8  to  15  feet.  It  is  reported  that  a  thickness  of 
over  60  feet  of  coal  was  found  in  a  tunnel  in  one  of  the  vallej's  on  the 
north  side  of  Stillwater  Creek.  This  was  not  exposed  at  the  time  of 
the  writer's  visit  in  1903,  but  the  following  section  was  measured  in 
the  west  bank  of  Trout  Creek,  2  miles  above  its  juncture  with  Still- 
water Creek  and  6  miles  above  the  mouth  of  the  latter  (fig.  9): 

Section  on  Trout  Creek. 

Feet. 

Shale 4 

Coal 6£ 

Sandstone * 5 

The  strike  is  N.  40°  E. ;  the  dip  is  west  at  an  angle  of  38°. 

The  high  ridge  between  Lake  Kushtaka  and  Shepherd  Creek  con- 
tains a  large  number  of  seams.  Probably,  at  least  twenty  of  these 
seams  are  5  feet  or  more  in  thickness,  and  several  are  over  20  feet  thick. 

The  western  slope  of  this  region  is  drained  by  Queen  Creek  and 
other  branches  of  Carbon  Creek.     Queen  Creek  has  cut  into  the  crest 

N  W.  3  C; 


Fig.  10.— Section  of  coal  seams  on  Queen  Creek.    Scale,  1  inch=75  feet. 

of  a  sharp  anticline,  which  is  probably  faulted  on  its  southeastern 
flank,  and  on  both  flanks  of  which  coal  seams  are  exposed.  The  coals 
in  this  locality  are  of  extraordinary  thickness,  perhaps  having  swollen 
into  pockets  near  the  crest  of  the  fold  (fig.  10). 

Section  of  coal  on  northwest  bank  of  Queen  Creek. 

Shale  roof.  Feet. 

Coal 27 

Shale  ( pocket?) 7 

Coal 2 

Shale 10 

Coal 31 

Shale  floor. 

Section  of  coal  on  southeast  bank  of  Queen  Creek. 

Ft.  in. 

Coal 14  C 

Shale 4  C 

Coal 7  C 

Shale 0  c 

Coal 2  ( 

Shale 0  1 

Coal 10  ( 
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Several  prospect  openings  and  two  tunnels  have  been  driven  into 
he  banks  of  Carbon  Creek  (tig.  9).  One  of  the  tunnels  intersects  two 
earns,  the  larger  of  which  has  a  thickness  of  8  feet  of  clean  coal. 
?his  is  not  the  same  as  the  Carbon  Creek  tunnel  mentioned  by  the 
writer a  in  previous  publications,  and  also  below.     The  latter  is  about 

mile  below  this  and  cuts  a  seam  20  feet  thick. 

Section  in  lower  In  mid  on  east  bank  of  Carbon  Creek. 

Feet, 

)ark  shale 2 

mi 20 

lassive,  arkosic,  cross- bed  (led  sandstone,  with  many  thin  carbonaceous  streaks.     10 

The  strike  at  this  point  is  N.  65°  E. ;  seam  dips  northwest  at  an 
ngle  of  60°  at  the  roof  and  at  an  angle  of  78°  at  the  floor. 

The  valley  of  Shepherd  Creek  above  the  mouth  of  Carbon  Creek 
as  been  more  extensively  prospected  of  late  and  proves  to  contain 
Suable  coal.  The  20i-foot  seam  at  u  Doyle  camp,"  mentioned  by 
le  writer  in  an  earlier  publication,  has  been  found  to  be  cut  off  by  a 
lult  at  the  prospect  opening  and  is  of  doubtful  extent.  Several 
nailer  seams  have  been  opened  recently,  of  which  the  most  promis- 
lg  is  the  Charlotte  seam,  on  the  hillside  southeast  of  Lake  Charlotte 

\g.  9). 

Section  of  Charlotte  seam. 

lale  roof 

yd\ 

late 

3al 

lale  and  coal * 6      0 

The  strike  of  the  seam  is  N.  12°  E. ;  the  dip  is  eastward  at  an  angle 
'  72°.  The  same  seam  has  been  opened  again  about  half  a  mile  south  of 
lis  point.  The  coal  in  this  seam  is  firmer  and  should  stand  shipment 
ith  less  crushing  than  any  other  seen  by  the  writer  in  this  field,  but 
I  one  opening,  at  least,  the  amount  of  ash  is  excessive. 
The  following  section  was  measured  in  the  lower  part  of  the  Shep- 
ird  Creek  Valley  (fig.  9): 


n. 

n. 

10+ 

0 

2 

0 

5 

9 

6 

Section  1  mile  northwest  of  Canoe  Lin></in</  on  Shepherd  Creek. 


al.. 
ale. 
al.. 


't. 

in. 

3 

0 

0 

2 

4 

4 

The  strike  at  this  point  is  N-.  20°  E. ;  the  dip  is  northwest  at  an 

ifigle  of  65°.     The  opening  is  on  the  west  side  of  the  valley  of  Shep- 

ferd  Creek,  at  an  elevation  of  about  200  feet  above  Bering  Lake. 

|The  region  adjoining  the  north  shore  of    Bering  Lake  had  been 

<:ploited  to  a  considerable  extent  during  the  past  season  and  a  small 

... 
ipount  of  coal  mined  for  local  use.     The  seams  so  far  discovered  in  this 

gion  are  smaller  than  those  described  from  other  parts  of  the  field. 


"Bull.  U.  S.  Geol.  Survey  No.  225,  1904,  p.  372. 
Bull.  259—05 10 
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CHARACTER    OF    THE    COAL. 

The  physical  properties  of  the  coal  are  very  much  alike  in  all  th< 
seams  and  in  all  parts  of  the  field  visited  b/y  the  writer.  The  coa 
resembles  the  harder  bituminous  coals  of  the  East  more  than  it  doei 
anthracite.  It  is  doubtful,  too,  if  much  of  the  coal  could  be  sized  s< 
as  to  compete  with  anthracite  coal  for  domestic  use.  Furthermore 
under  ordinary  handling  it  will  probably  crush  to  almost  the  sami 
extent  as  the  harder  grades  of  semibituminous  coal;  this  will  no 
seriously  impair  its  value  for  steam  purposes,  but  will  necessitati 
very  careful  handling  if  it  is  to  compete  with  Pennsylvania  or  Welsl 
anthracite  as  a  domestic  fuel. 

The  following  table  includes  all  the  available  analyses  and  calori 
metric  tests  which  have  been  made  upon  the  Bering  River  coal.  Th< 
first  nine  samples  were  collected  by  the  author  and  represent  the  com 
position  of  the  entire  seam;  that  is,  coal  was  cut  evenly  from  the  sean 
from  roof  to  floor. 

Analyses  and  tests  of  Bering  River  coals. 
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Calories. 

Recalculated. 

Fuel 
elements. 

Locality. 

0)  u 

o     . 

<u  o 

6 

s3 
u 

Ft. 

1.  Carbon  Creek  (low- 
er tunnel,  o 

20 

2.41 

15. 03 

79. 24 

3.32 

0.51 

Reddish .  - 

8,345 

15.94 

84. 06 

5.2 

2.  Shepherd  Creek  a.. 

71 

1.54 

14. 58 

72. 99 

10.89 

.69 

Yellow  ... 

7,664 

16.  65 

83.35 

5.C 

3.  Trout  Creek  « 

6| 

2.36 

18.12 

71.  87 

7.65 

.73 

Reddish . . 

7,819 

20.14 

79.86 

3.£ 

4.  Canyon  Creek  a 

H 

3.24 

9.79 

62. 97 

24. 00 

1.94 

Yellow  . . . 

6,502 

13.45 

86.55 

6.4 

5.  South  end  of  Car- 
bon Mt.  (coke).a 

5 

1.34 

6.30 

84.57 

7.79 

.77 

Very  red.. 

7,776 

6.93 

93.07 

lS.i. 

6,  Queen  Creek  b 

31 

1.20 

17.28 

77.69 

3.83 

.78 

Reddish  .. 

*8, 310 

18.20 

81.80 

4.' 

7.  Queen  Creek  b 

27 

.56 

16. 61 

78.71 

4.12 

1.25 

Reddish  . . 

*8,310 

17.43 

82.57 

4.' 

8.  Lake  Charlotte  b . . . 

9§ 

.68 

17.87 

60.  73 

20.  72 

.55 

Grey 

*6,883 

22.74 

77.26 

3.' 

'.).  Carbon  Creek  (up- 
per tunnel),  b 

8 

.38 

16.97 

77.48 

5.17 

1.02 

Grey 

*8, 248 

17,97 

82.03 

4. 

10.  Bering  River  c 

.83 

7.18 

87.57 

4.42 

7.58 

92.42 

12. 

11.  Bering  River  d 

1.00 

14.30 

81.10 

3.60 

14.99 

85.01 

5. 

12.  Controller  Bav e ... 

.75 

.78 

13.  25 
13.22 

82.40 
80.30 

3.  60 
5.70 

.69 
2.90 

*8, 376 
*8, 043 

13.85 
14.13 

86.15 
85.86 

fi, 

13.  Controller  Bav e  ... 

6. 

14.  Bering  River/ 

.77 

13.79 

82.36 

3.08 

2.68 

Brownish. 

*8, 289 

14.34 

86.66 

5 

a  Sample  collected  by  G.  C.  Martin.    Analysis  and  calorimeter  test  by  Penniman  and  Browne. 

b  Sample  collected  by  G.  C.  Martin.    Analysis  by  E.  C.  Sullivan. 

c  Analysis  by  William  H.  Fuller,  Fairhaven,  Wash.    Published  bv  John  Kirsopp,  jr.,  in  paper  on  T 
coal  fields  of  Cook  Inlet,  Alaska,  U.  S.  A.,  and  the  Pacific  Coast:  Trans.  Inst.  Min.  Eng.,  vol.    I 
1901,  page  537. 

^Analysis  by  W.  F.  Robertson,  Victoria,  B.  C.    Published  by  John  Kirsopp,  jr.,  as  above. 

e  Analysis  furnished  by  F.  H.  Shepherd.  Published  by  J.  E.  Spurr:  A  reconnaissance  in  sou  i 
western  Alaska:  Twentieth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  7,  p.  263.  (No.  13  is  not  Crom  Icy  B  : 
as  hitherto  reported.) 

/Sample  collected  by  W.  M.  Carless.    Analysis  by  W.  F.  Hildebrand.    Published  by  Schradera 
Spencer,  Geology  and  Mineral  Resources  of  a  Portion  of  the  Copper  River  District,  Alaska,  p.  91. 

*  Calories  computed. 

Note.— The  location  of  the  openings  from  which  samples  1  to  9  were  taken  is  shown  bv  the  numb  ' 
on  the  map.    (Fig.  9.) 
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Analyses  of  other  coals  for  comparison. 


Locality. 


Mois- 
ture. 


Vola- 
tile 
matter. 


Fixed 
carbon, 


Ash. 


Sul- 
phur. 


Calo- 
ries. 


B.  T.  U. 


Recalculated. 


Fuel 

'  elements. 


Vola- 
tile 

mat- 
ter. 


Fixed 
car- 
bon. 


Fuel 
ratio. 


Pennsylvania,  anthracite 
(average  of  9)« 

rVales,  anthracite  (aver- 
age Of  4)& , 

Joyalsock,  semianthracite 
(average  of  4)  c , 

Pocahontas,  semibitumi- 
nous  (average  of  38)d 

Georges  Creek,  semibitu- 
minous  (average  of  12)  e. , 

Pocahontas,  (Quinnc- 
mont),  semibituminous 
(average  of  17)/ 


3.  3S5 


1.488 
.73 
.69 

.60 


•Jew  South  Wales  (south- 
ern coal  fields),  bitumi- 
nous (average  of  21)9' 

Wales  bituminous  (aver- 
age of  37)h 


Domox,  bituminous  (av- 
erage of  4)* 

laniamo,  bituminous 
(average  of  i)  i 

'Jew  South  Wales  (west- 
ern coal  field),  bitumi- 
nous (average  of  VZ)g  — 

few  South  Wales  (north- 
ern coal  field),  bitumi- 
nous (average  of  77)  g 


1.30 
2.19 

1.87 


3.812 

5.94 

11. 074 

17.43 

18.95 

19.93 

23. 10 
27.00 
28.63 
30.  76 

31.49 


83. 790 
91 .  12 

78. 883 

77.71 

74.11 

75. 20 

65.26 

68.09 
62. 7:; 
56.52 

52.61 


8.417 
2.62 
7. 695 
4.63 
6.08 

4.27 

10.67 
3.22 
6.  96 

10. 53 

14.03 
8.91 


.861 

.02 
.67 


.  462 
1.43 


8, 403 
7,984 

8,  115 


15. 178 


8, 402 


4.35 
6.11 

12. 31 

18. 32 
20.36 

20.  95 

26. 1  I 
28.39 
31. 35 
35.24 


.  541 


37.44 


38.  23 


95.  65 
93.  89 
87.69 
81.68 
79.  64 

79.05 

73.86 
71.61 
68.  65 
64.  76 

62.  56 


21.99 
15.80 
7.12 

1.  16 
3.  91 

3.77 

2.  83 
2.  52 
2.19 

I.  s| 

1.67 


aAshburner,  C.  A.,  Ann.  Rept.  Geol.  Survey  Pennsylvania,  1885,  p.  313. 

b Loze,  Ed.,  Les  Charbons  Britanniques  et  leur  Epuisement,  vol.  1,  p.  386. 

cAshburner,  C.  A.,  Ann.  Rept.  Geol.  Survey  Pennsylvania,  1885,  p.  318. 

d  White,  I.  C,  Geol.  Survey  West  Virginia,  vol.  2,  pp.  695,  696,  700. 
■  e These  are  furnished  by  W.  B.  Clark,  State  geologist  of  Maryland,  and  will  be  published  in  a 
brtheorning  report  of  the  Marvland  geological  survey  on  the  coal  of  that  State. 
'  /White,  I.  G.  Geol.  Survev  West  Virginia,  vol.  2,  p.  670. 

0Pittman,  E.  F.,  Mineral  Resources  of  New  South  Wales,  1901,  pp.  324-348. 

>i  Poole,  H.,  The  Calorific  Power  of  Fuels,  1898.  p.  223 

^Dawson,  G.  M.,  Mineral  wealth  of  British  Columoia:  Geol.  Nat.  Hist.  Survev  Canada,  new  ser., 
Ol.  3,  pt.  2,  p.  98  R. 

The  above  coals  vary  greatly  in  composition  and  in  heating  power, 
jnd  it  seems  likely  that  in  this  field,  as  everywhere,  each  seam  will  be 
bund  to  have  a  characteristic  composition. 

If  these  analyses  are  grouped  and  each  group  averaged  they  become 

tore  significant.  Samples  1,  6,  7,  and  9  were  all  taken  by  the  writer 
om  four  different  seams  in  a  somewhat  restricted  area.  The  range  of 
ariation  in  this  group  is  small,  all  being  extremely  pure  as  regards 
>oth  ash  and  sulphur,  and  all  have  a  fairly  high  content  of  fixed  car- 
ion  with  a  low  content  of  volatile  hydrocarbons  and  consequently 
jjairly  high  fuel  ratio  and  heating  value. 

Average  of  analyses  J,  6,  7,  and  n. 

Ioisture 1. 14 

j  olatile  hydrocarl  >ons 16.  47 

ixed  carbon 78.  28 
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Ash 4.11 

Sulphur .89 

Fuel  ratio 4.  70 

Calories  ( computed  in  part) 8,  303 

These  coals  are  intermediate  in  fuel  ratio  between  the  Bernice  basin 
or  Loyalsock  (Pennsylvania)  semianthracite  and  the  Pocahontas  (West 
Virginia)  semibituminous.  They  are  purer  and  have  a  higher  heating 
power  than  the  Loyalsock  coal,  although  they  lack  its  anthracitic 
physical  characteristics  and  have  a  lower  fuel  ratio.  They  are  almost 
identical  in  heating  power,,  as  well  as  in  the  low  amount  of  impurities, 
with  the  Pocahontas  steam  coal  of  West  Virginia,  but  excel  this  coal 
by  having  a  higher  proportion  of  fixed  carbon.  These  coals  can  not 
be  compared  with  any  other  coal  with  which  thev  are  likely  to  come 
into  general  competition  for  they  are  far  higher  in  heating  power  and 
in  purity  than  any  coal  mined  upon  the  Pacific  coast,  either  in  the 
United  States,  in  British  Columbia,  or  in  Australia. 

Samples  2  and  3,  from  openings  1  mile  northwest  of  Canoe  Land- 
ing on  Shepherd  Creek,  and  from  near  the  headwaters  of  Trout  Creek, 
are  probably  representative  of  the  thinner  seams  of  this  region. 

Average  of  analyses  2  and  3. 

Moisture 1.  95 

Volatile  hydrocarbons 16.  35 

Fixed  carbon 72. 43i 

Ash 9.  27 

Sulphur 71 

Fuel  ratio 4.  49 

Calories 7,  742 

These  coals  differ  from  the  coal  of  the  thicker  seams  discussed  above 
in  having  a  less  amount  of  fixed  carbon  in  proportion  to  the  volatile 
matter  and  in  having  a  higher  percentage  of  ash  and  sulphur.  The 
heating  power  is  consequently  less.  Nevertheless,  they  resemble  coals 
of  the  semibituminous  type  that  enter  the  market  as  high-grade  stean 
coals.  They  correspond  in  texture,  composition,  and  heating  power  to 
the  high-grade  Pocahontas  (West  Virginia)  and  Georges  Creek  (Mary 
land)  steam  coals,  and  also  to  some  of  the  semibituminous  coals  o: 
Wales. 

The  analyses  of  which  the  average  is  given  in  the  following  tabk 
were  obtained  from  various  sources  (see  p.  14:6). 

Average  of  analyses  11-14- 

Moisture .82 

Volatile  hydrocarbons 13.  64  < 

Fixed  carbon 81.  54   , 

Ash 3.9S>! 

Sulphur 2.  OS  i 

Fuel  ratio 5.  9M 

Calories  (computed) 8, 236  ■ 
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These  analyses,  although  obtained  from  various  sources,  correspond 
soclosely  that  the  writer  regards  them  as  probably  fair  representatives 
of  some  seam  or  group  of  seams  which  he  did  not  sample.  Two  of 
these  coals  contain  excessive  amounts  of  sulphur,  which  carry  the 
average  abnormally  high.  Otherwise  they  are  of  better  quality, 
especially  as  regards  the  fuel  ratio,  than  the  coal  discussed  above.  It 
may  be  that  they  were  picked  samples  that  did  not  represent  the  entire 
thickness  of  the  seam,  in  which  case  the  high  percentage  of  sulphur  is 
probably  due  to  their  having  been  taken  from  pieces  of  coal  which 
were  picked  for  their  hardness  and  apparent  cleanness.  The  one  who 
took  the  samples  evidently  overlooked  the  fact  that  their  exceptional 
hardness  was  not  due  to  the  coal  being  nearer  anthracite,  but  to  its 
containing  a  large  amount  of  pyrite  (sulphide  of  iron). 

The  following  table  is  the  average  of  all  the  analyses  quoted  in  the 
general  table  (see  p.  146)  with  the  exception  of  No.  5,  which  is  not  coal, 
but  natural  coke,  and  No.  10.  The  latter  differs  from  all  the  others 
so  much  that  it  can  not  be  considered  representative,  and  if  it  is 
authentic  it  probably  represents  either  a  far  outlying  district  or  an 
outcrop  of  the  natural  coke. 

.  Average  of  I .'  analyses. 

Moisture . '. 1 .  30G 

Volatile  hydrocarbons L5.  068 

Fixed  carbon 75.  653 

Ash 7.  974 

Sulphur ] .  249 

Fuel  ratio 5.  151 

Calories  ( in  part  computed) 7,  890 

In  this  average  even  the  analyses  from  the  impure  seams  1  and  8  are 
included,  although  these  will  probably  not  be  mined.  In  spite  of  the 
fact  that  these  are  included  it  may  be  seen  that  the  general  average- 
represents  a  coal  of  more  than  average  purity  and  high  heating  power. 

DEVELOPMENT. 

The  work  which  has  been  done  in  the  development  of  this  field  is 
entirely  pioneer  development  work.  Land  surveys  have  been  made  of 
some  of  the  larger  holdings.  Several  railway  routes  have  been  sur- 
veyed. Many  miles  of  good  trails  have  been  built,  and  a  large  num- 
ber of  cabins  erected.  Many  prospect  openings  have  been  made  and 
several  more  extensive  tunnels  dug.  There  is  a  tramroadand  a  grav- 
ity plane  from  the  west  bank  of  Shepherd  Creek  to  a  tunnel  on  the 
hillside  to  the  west.  A  small  amount  of  coal  is  being  mined  for 
local  use  in  stoves  and  as  blacksmith  coal  at  some  of  the  neighboring 
oil  wells.  More  extensive  mining  will  be  delayed  until  shipping 
facilities  are  provided  at  Controller  Bay  or  elsewhere  and  a  railroad 
is  built  from  the  harbor  to  the  mines. 
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The  lands  in  this  region  that  are  known  to  be  eoal  bearing  have  fc 
the  most  part,  if  not  entirely,  been  located,  and  it  is  understood  thsj 
some  of  the  holders  are  about  to  secure  patents.  It  seems  probabl 
that  there  are  unlocated  coal  lands  in  the  unexplored  area  to  the  eas 
and  northeast. 

The  features  to  be  considered  by  the  investor  and  mining  enginee 
embrace  faults  and  their  attendant  problems,  including  the  questio 
of  local  pockets;  steep  dips,  the  proportion  of  the  seams  above  watt 
level,  accessibility,  and  the  physical  properties  of  the  coal  as  affectin 
its  shipment  and  market  value,  a  tendency  to  crush  being  especiall 
noticeable. 

One  of  the  most  serious  of  these  is  the  question  as  to  how  much  tr 
thickness  appearing  at  the  present  openings  may  represent  loc; 
expansion  of  the  seams.  This  question  can  not  be  finally  answere 
without  extensive  underground  exploration.  Nevertheless,  there 
little  doubt  that  the  extremely  great  thicknesses  (25  to  60  feet)  repr 
sent  pocket  swellings  and  are  of  limited  extent.  Almost  all  sue 
great  thicknesses  as  known  in  other  fields  occur  in  local  pockets,  ar. 
most  fields  with  a  structure  like  this  have  such  pockets.  But  in  spii 
of  this  there  is  little  doubt  that  there  are  many  seams  which  will  pixn 
to  be  of  workable  thickness  over  large  areas,  and  several  seams  whic 
will  have  average  thicknesses  of  from  10  to  20  feet.  The  amount  < 
coal,  even  above  drainage  level,  is  enormous. 

The  shipping  problems  are  serious,  but  the  amount  and  quality  < 
the  coal  would  seem  to  be  sufficient  to  justify  large  initial  expend 
tures.  It  will,  however,  require  strong  companies  to  develop  tl 
field. 


COAL  RESOURCES  OF  SOUTHWESTERN  ALASKA. 


By  Ralph  W.  Stone. 


INTRODUCTION.. 

Southwestern  Alaska  includes  the  Cook  Inlet  region,  Kocliak  and 
adjacent  islands,  Alaska  Peninsula,  and  the  Aleutian  Islands.  Coal, 
mostly  of  a  lignitic  character,  is  widely  distributed  in  this  province. 
The  known  localities  are  indicated  on  the  accompanying  map  (PL  II). 
Coal-bearing  rocks  occur  in  three  principal  districts,  Cook  Inlet, 
Kodiak  Island,  and  Alaska  Peninsula.  In  Cook  Inlet  coal  is  found  at 
Kachemak  Bay  and  Port  Graham  on  Kenai  Peninsula,  at  Tyonok  on 
the  west  shore,  and  on  Matanuska  River  about  50  miles  inland  from 
the  head  of  the  inlet.  It  has  also  been  reported  at  various  localities 
in  the  Sushitna  basin,  which  lies  beyond  the  province  under  discus- 
sion. Coal  occurs  at  several  points  on  the  shore  of  Kodiak  Island. 
From  Cape  Douglas,  at  the  northern  end  of  Alaska  Peninsula,  out  to 
the  Aleutian  Islands  coal-bearing  beds  are  found  at  several  places, 
but  Chignik  and  Herendeen  bays  and  Unga  Island  are  the  only  locali- 
ties where  developments  have  been  made. 

The  earliest  accounts  of  any  of  these  coal  beds  are  those  of  Port- 
lock"  who  made  a  voyage  to  Alaska  in  1786,  and  of  Doroshin  and 
Wosnessenski,6  Russian  mining  engineers  and  explorers.  In  1895 
W.  H.  Dall  made  a  coast  trip  in  southern  Alaska  and  reported  on  the 
coal/  Mining  operations  were  then  being  carried  on  at  Kachemak 
and  Chignik  bays  and  Unga  Island,  but  are  now  confined  to  Chignik 
Bay. 

During  the  summer  of  1904  the  writer,  acting  under  orders  of 
G.  C.  Martin,  had  an  opportunity  to  examine  several  of  the  coal 
localities  on  the  east  coast  of  the  Alaska  Peninsula  and  about  Cook 
Inlet.  The  result  of  these  investigations,  together  with  information 
concerning  some  localities  which  the  writer  did  not  visit,  and  a  report 
on  the  lignite  at  Unga  by  G.  C.  Martin,  are  embodied  in  this  report. 

a  Portlock,  Nathaniel,  A  Voyage  to  the  Northwest  Coast  of  America,  London,  1789. 

&Grewingk,  Constantin,  Beitrag  zur  Kenntniss  N.  W.-Kiiste  Am.,  1850,  pp.  39-41;  and  Wrangell.in 
Baer  and  Helmersen,  Beitriige  I,  168-170. 

cDall,  W.  H.,  Coal  and  lignite  of  Alaska:  Seventeenth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  1,  pp. 
784-814. 
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Acknowledgments  are  due  S.  T.  Penberthy,  of  Homer;  E.  G 
Wharf,  of  Seldovia;  James  Casey,  of  Cold  Bay;  G.  M.  Landsburj 
and  J.  L.  Wretherbee,  of  Chignik;  and  Captain  Morris,  of  the  steame 
Dora,  for  courtesies  and  assistance. 

GEOLOGY. 

The  backbone  of  Kenai  Peninsula  consists  of  sedimentary  rocks 
and  the  backbone  of  Alaska  Peninsula  of  crystalline  and  metamorphi 
rocks  with  a  considerable  quantity  of  volcanics.     At  frequent  inter 
\  a  Is  along  the  coast  there  are  more  or  less  extensive  areas  of  partiall 
or  wholly  consolidated  sedimentary  rocks,  which  range  from  Triassi 
to  Tertiary  in  age.     A  formation  composed  of  sandstone,   fine  con 
glomerate,  shale,  and  clay,  with  interstratilied  coal  seams,  is  found  oi 
the  east  side  and  at  the  head  of  Cook  Inlet,  on  Kodiak  Island,  and  at 
number  of  points  on  Alaska  Peninsula.     The  coal-bearing  series  i 
Kachemak  Bay,  Port  Graham,  Tj^onok,  Kodiak,  and   Unga   are   a] 
thought  to  belong  in  the  Kenai  formation,  which  is  Oligocene;  whil 
the  Matanuska  coal  beds  havre  been  tentatively  referred  to  the  Lowe 
Cretaceous.     It  is  a  question  whether  the  coals  at  Chignik  and  Heren- 
deen  bays  are  Tertiary  or  Cretaceous.     There  are  possibly  two  coal- 
bearing  formations  in  this  district. 

The  coal  of  southwestern  Alaska  is  mostly  lignite.  Some  of  it,  how- 
ever, may  grade  as  bituminous,  while  some  is  brown  coal. 

DEVELOPMENT. 

Probably  the  earliest  exploitation  of  coal  in  southwestern  Alaska 
was  that  of  the  Russians  at  Port  Graham.  In  April,  1855,  the  bark 
Oyane,  Captain  Kinzie,  took  miners  and  machinery  from  San  Fran- 
cisco to  this  bay.  Mining  operations  continued  about  ten  years  and 
supplied  Russian  steamers  with  coal.  A  company  organized  in  1889 
to  mine  and  ship  coal  from  Herendeen  Bay  failed  to  develop  a  success- 
ful mine.  Several  companies  have  since  tried  the  same  thing  in  this 
held,  but  without  success.  At  Unga  mining  in  a  small  way  to  supplj 
local  needs  has  been  done  at  intervals  for  twenty  years.  The  Alaska 
Packers'  Association  opened  a  mine  at  Chignik  in  1893  and  has 
operated  it  continuously  to  the  present  time. 

Coal  was  mined  in  Kachemak  Bay  for  the  first  time  in  1891,  when 
Lieut.  R.  P.  Schwerin,  U.  S.  Navy,  took  200  tons  from  McNeil  Can- 
yon. Two  San  Francisco  companies  began  operations  in  this  coal  field 
about  1894,  and  for  three  years  continued  mining  in  McNeil  and  East- 
land canyons.  In  the  fall  of  1899  the  Cook  Inlet  Coal  Fields  Com- 
pany undertook  to  mine  coal  in  the  bluffs  on  the  west  side  of  Homer 
spit,  Kachemak  Bay.  During  the  two  years  following  more  develop- 
ment work  was  done  here  than  has  yet  been  attempted  in  any  other 
Alaska  coal  field.     Three  tunnels  and  two  shafts  were  driven,  a  rail 
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road  7  miles  long,  and  a  dock  were  built.  Work  ceased,  however,  in 
March,  L902. 

In  the  summer  of  1901  Chignik  River  was  the  only  place  in  south- 
western Alaska  where  coal  was  being  mined.  Bunkers  were  being 
built  at  Unga,  however,  preparatory  to  increased  output  from  that 
field. 

The  production  of  this  entire  field  to  date  may  be  roughly  estimated 
at  10,000  tons.  This  does  not  include  what  the  Russians  took  from 
Port  Graham  half  a  century  ago.  Coal  is  produced  at  the  Chignik 
mine  for  about  $3.75  a  ton,  and  has  to  compete  with  better  coal  which 
can  be  bought  in  Puget  Sound  for  $5  and  brought  up  as  ballast  in  the 
company's  ships.  Kachemak  Bay  coal  has  sold  at  the  Homer  dock 
for  $5  and  $6.     Wellington  coal  brings  $12  at  Unalaska  and  Valdez. 

DESCRIPTION   OF   LOCALITIES. 
INTRODUCTION. 

The  coal  fields  will  be  described  in  geographic  order  from  the  head 
of  Cook  Inlet  to  the  Aleutian  Islands.  Those  which  have  some  com- 
mercial value  are  at  Matanuska,  Tyonok,  Kachemak  Bay,  Port  Graham, 
Chignik  River,  Herendeen  Ba}7,  and  Unga.  Three  of  these,  however, 
have  serious  drawbacks:  Tyonok  coal  is  of  very  low  grade,  the  Port 
Graham  beds  are  at  or  below  high  tide,  and  the  Herendeen  Bay  field 
is  badly  faulted  and  possibty  very  limited.  The  localities  which  the 
writer  examined  are  Kachemak  Bay,  Port  Graham,  coast  of  Alaska 
Peninsula  from  Cape  Douglas  to  Cold  Bay,  and  Chignik  Bay. 

MATANUSKA    RIVER. 

Within  the  past  two  or  three  years  prospectors  have  reported  the 
existence  of  thick  seams  of  coal  on  the  Matanuska  River.  Matanuska 
River  flows  from  the  east  into  Knik  Arm,  the  most  northerly  branch 
of  Cook  Inlet.  Mendenhall  visited  the  locality  in  1898  and  reported 
the  presence  of  a  few  thin  seams  of  bright,  hard  coal/'  More  definite 
information  has  been  obtained  from  George  Jamme,  jr.,  a  mining 
engineer  from  Seattle,  who  examined  the  field  in  July,  1901. 

The  Matanuska  coal  fields  lie  about  30  miles  beyond  the  head  of 
Cook  Inlet,  on  the  north  bank  of  Matanuska  River,  and  extend  in  an 
easterly  direction  from  Moose  Creek  for  a  distance  of  30  miles, 
embracing  an  area  of  about  60  square  miles.  The  coal  measures  occupy 
the  space  between  the  river  and  the  hills  to  the  north,  and  strike  in  a 
northeasterly  direction  parallel  with  the  river.  The  dip  is  northward 
at  angles  ranging  from  10°  to  85°,  increasing  toward  the  north.     The 


a  Mendenhall,  W.  C,  A  reconnaissance  from  Resurrection  Bay  to  the  Tanana  River,  Alaska:  Twen- 
tieth Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  7,  p.  324. 
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formation  in  which  the  coal  beds  are  contained  consists  of  sandstone, 
slate,  and  shale.     Concerning  the  structure  Mendenhall  says:a 

The  Matanuska  River  flows  nearly  along  the  strike  of  the  series,  although  both 
strike  and  dip  exhibit  great  local  variations.  The  former  is  generally  about  N.  60° 
or  70°  E.,  and  the  latter  is  to  the  northwest  at  various  angles.  *  *  *  The  beds 
are  everywhere  full  of  small  faults,  as  though  folded  under  slight  load. 

On  the  basis  of  a  few  fossils  found  in  Bubb  Creek,  the  rocks  asso- 
ciated with  the  coal  have  been  tentatively  referred  by  T.  W.  Stanton 
to  the  Lower  Cretaceous,  but  their  age  has  not  been  definitely 
determined. 

A  number  of  creeks  tributary  to  the  Matanuska  from  the  north  are 
said  to  intersect  the  coal  beds.  On  Moose  Creek  an  exposure  of  5  feet 
of  clean  coal  is  reported,  and  on  Eska  and  Young  two  seams  each  6 
feet  thick.  On  King  Creek  a  10-foot  and  a  6-foot  seam  are  said  to  be 
exposed.  Probably  the  largest  seams  of  coal  are  on  Chickaloon  Creek, 
where  five  beds,  5  to  35  feet  thick,  are  reported. 

The  coal  ranges  apparently  from  lignite  to  bituminous.  It  is  bright 
black  in  color,  has  conchoidal  fracture,  but  is  friable  and  will  not  stand 
severe  handling.  It  burns  well  in  an  open  fire,  and  Jamme  says  that 
he  made  excellent  coke  in  a  miniature  oven.  A  small  specimen  in 
the  writer's  possession  is  granular,  having  a  crushed  appearance,  ancl 
crumbles  easily. 

An  analysis  of  an  air-dried  sample  of  coal  from  the  Matanuska  River 
field  is  given  on  page  170. 

TYONOK. 

A  brown  lignite  of  inferior  quality  occurs  in  the  bluffs  at  Tyonok 
near  the  head  of  Cook  Inlet.  The  inland  extension  of  the  coal-bearing 
formation  is  covered  by  gravel.  Eldridge  infers6  that  the  Tyonok 
field  extends  for  several  miles  inland  and  from  a  point  7  or  8  miles 
west  of  Tyonok  along  the  coast  as  far  northward  at  least  as  Theodore 
River.  The  section  in  the  beach  bluff  is  composed  of  sandstone,  shale, 
and  coal  seams  which  dip  southeast  at  angles  ranging  from  35°  to  60°. 
The  general  strike  of  the  beds,  north-northeast,  would  carry  the  strata 
to  a  point  about  10  miles  up  the  Chulitna,  where  coal  is  reported. 
Thirty-six  seams,  large  and  small,  are  exposed  along  the  beach  of 
Tyonok,  but  it  is  possible  that  some  are  repetitions  by  faulting.  They 
vary  in  thickness  from  1  foot  to  15  feet,  many  of  them  being  from  4 
to  6  feet  thick.  Not  only  is  the  coal  poor  grade,  but  the  seams  are 
much  broken  by  clay  and  sandstone  partings.  There  are  three  or  four 
seams  in  which  one  or  two  3-foot  benches  of  moderately  clear  coal 
might  be  found. 

a  Op.  cit.,  p.  308. 

*>  Eldridge,  G.  H.,  A  reconnaissance  in  the  Sushitna  Basin  and  adjacent  territory,  Alaska:  Twen- 
tieth Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  7,  p.  21. 
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The  Tyonok  coal  is  a  low-grade  lignite,  which  in  appearance  i^>  often 
lardly  more  than  a  mass  of  carbonized  wood.  An  average  of  four 
■nalyses  which  represent  the  Tyonok  coal  at  its  best,  and  in  no  instance 
he  average  of  a  seam,  shows  less  than  31  per  cent  fixed  carbon. 
Nevertheless  it  is  of  some  value,  as  coal  from  this  point  is  the  prin- 
ipal  fuel  used  by  the  steamer  Tyonic,  which  plies  in  Cook  Inlet. 

KACIIEMAK    BAY. 

Kachemak  Bay,  an  arm  of  Cook  Inlet,  25  miles  long  and  from  3  to 

0  miles  wide,  indents  the  western  side  of  Kenai  Peninsula.  A  low, 
iarrow  point  4  miles  long  extends  out  into  the  bay  near  its  entrance, 
^he  seaward  end  of  this  spit  is  the  site  of  Homer,  a  post-office  and 
teamer  landing.  The  accompanying  sketch  map  (PI.  Ill),  shows  the 
orm  of  the  bay.  It  extends  inland  in  a  northeast  direction,  growing 
iarrower  toward  the  head.  The  north  shore  is  comparatively  smooth, 
rhile  the  eastern  and  southern  shore  is  made  irregular  by  coves,  head- 
inds,  and  islands.  A  great  plateau  having  a  general  elevation  of  1,000 
eet  lies  north  of  the  bay,  and  the  north  shore  is  a  bluff  which  varies 
a  height  from  50  to  400  feet.  The  bluff  is  cut  by  canyons  at  a  num- 
ber of  places  between  Homer  spit  and  the  head  of  the  bay.  On  the 
outh  side  of  the  bay  is  a  mass  of  rugged  mountains,  with  six  glaciers, 
jarge  vessels  can  go  up  to  Bear  Coye,  although  the  head  of  the  bay 
nd  the  north  shore  are  very  shallow.  The  tidal  range  is  from  16  to 
8  feet  at  Homer. 

The  geology  as  well  as  the  topography  of  the  two  sides  of  Kachemak 
5ay  presents  strong  contrasts.  Crystalline  or  schistose  rocks  compose 
he  mountains  on  the  south  side.  On  the  north  side  of  the  bay  is  an 
xtensive  Tertiary  lignite-bearing  series  known  as  the  Kenai  forma- 
ion.  From  Anchor  Point  to  the  head  of  the  bay,  a  distance  of  40 
liles,  coal  seams  are  almost  continuously  exposed,  interbedded  in  soft 
andstone,  shale,  clay,  and  fine  conglomerate.  These  rocks  strike 
early  east  (mag.),  and  dip  northward  at  angles  as  high,  in  places,  as 
0°.     A  thickness  of  between  2,000  and  3,000  feet  of  strata  is  exposed 

1  the  sea  bluff  from  Anchor  Point  to  the  head  of  the  bay.  It  is 
npossible  to  determine  the  exact  thickness  because  there  are  stretches 
ver  which  the  beds  can  not  be  traced,  and  faults  of  unknown  throw 
isturb  the  strata.  Anchor  Point  is  near  the  base  of  the  series,  but 
he  head  of  the  bay  probably  does  not  reach  to  the  top,  for  coal  has 
een  found  15  miles  farther  inland. 

COAL    BEDS   WEST   OP   HOMER   SPIT. 

The  westernmost  coal  seams  in  this  bay  outcrop  between  tide  levels 
alf  a  mile  south  of  Anchor  Point,  while  the  first  exposures  above 
igh-tide  level  are  3  miles  southeast  of  the  point  near  the  mouth  of 
'ravers  Creek  or  Troublesome  Gulch.     A  seam  at  this  locality  is  said 
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to  be  about  5  feet  thick,  of  which  the  middle  portion  is  very  hard  and 
shiny.  Some  chunks  of  it  will  melt  and  coke  like  bituminous  coal 
when  put  on  the  fire. 

In  the  cliff  at  Bluff  Point,  171  feet  of  strata  contain  18  feet  of  coal 
in  seams  ranging  in  thickness  from  3  inches  to  4^  feet.  The  character 
of  the  series  is  shown  by  a  typical  section  measured  near  the  mine 
camp  at  the  west  end  of  the  Cook  Inlet  Coal  Fields  Company  Railroad. 

Section  of  Kenai  formation  at  Mine  Camp,  Kachemak  Bay. 
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In  this  section  there  are  9  coal  yearns,  having  a  total  thickness  of  24 
feet.  The  smallest  seam  in  the  section  is  5  inches  and  the  largest  "\ 
feet  5  inches.  The  rocks  dip  slightly  to  the  east  along  the  shore  anc 
at  an  angle  of  15°  or  20°  into  the  bluff.  It  is  at  this  point  that  the 
greatest  amount  of  development  work  has  been  done. 

The  Cook  Inlet  Coal  Fields  Company  chose  this  as  the  best  portioi 
of  the  field  for  developing  a  large  mine,  and  began  extensive  opera 
tions  in  1899.     They  constructed  a  railroad  7k  miles  long  which  extend 
from  their  dock  at  the  outer  end  of  Homer  spit  back  to  the  mainland 
where  it  rises  to  the  top  of  the  bluff  about  200  feet  above  the  bead 
and  ends  at  Coal  Creek.     A  house  and  store,  with  over  a  dozen  tool 
engine,  and  storage  houses  were  built  at  the  dock  and  this  group  o  : 
buildings  is  known  as  Homer.     Eight  or  ten  buildings  constituting  th  i 
mine  camp  were  erected  at  the  other  end  of  the  railroad,  and  undei 
ground  work  was  begun  in  the  fall  of  1899  by  driving  a  three-comparl  ■ 
ment  shaft  125  feet.     In  1900  tunnel  No.  1  was  driven  in  the  face  c 
the  bluff  on  a  seam  of  coal  6^  feet  thick,  but  it  proved  to  be  very  wil 
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and  was  abandoned.  Tunnel  No.  2  was  driven  350  feet  and  had  to  be 
pumped  to  keep  it  dry.  Coal  was  brought  to  the  mouth  of  the  tunnel 
in  mine  cars,  dumped  into  a  skip,  and  hoisted  up  over  the  bluff  by  a 
square  framed  derrick  which  spilled  into  a  railroad  car  standing  on 
the  spur.  At  the  west  end  of  the  railroad  a  vertical  three-compartment 
shaft  was  sunk  over  25  feet  and  a  tunnel  was  started  on  coal  in  the  sea 
bluff  to  connect  with  the  shaft.  This  third  or  Kay  tunnel  was  driven 
125  feet.  All  work  on  this  property  was  discontinued  in  March,  1902, 
but  the  company  holds  possession  by  retaining  a  representative  on  the 
ground. 

Detailed  sections  of  two  seams  exposed  in  the  sea  bluff  near  tunnel 
No.  2,  the  position  of  which  in  the  section  of  the  formation  given 
above  can  be  recognized  by  their  total  thickness,  follow. 

The  first  and  thickest  seam,  which  is  over  50  feet  below  the  top  of 
the  bluff  at  the  hoist,  measures  thus: 

Coal  seam  at  mine  camp,  Kachemak  Bay. 

Ft.  in. 

Bony  coal  and  clay 2  0 

Clay  shale 1  8 

Coal 2  6 

Clay  parting 0  2 

Coal _ .1  1 

Total 7     5 

Following  is  the  section  of  the  bed  on  which  the  tunnels  were 
driven: 

Coal  seam  at  mine  camp,  Kachemak  Bay. 

Ft,       in 

Coal 3  0  ' 

Clay  parting 0  h 

Coal 1  11 

Clay  parting 0  H 

Coal 1  5 

Total 6      6 

Other  seams  of  coal  that  lie  below  those  named  in  the  long  section 
above  are  found  below  high  tide  off  the  point  beyond  Coal  Creek. 

The  coal  in  the  section  at  the  mine  camp  is  hard,  compact,  glossy 
lignite.  It  is  clean,  does  not  smut  the  hands,  and  tends  to  break  into 
cubical  fragments  when  dried. 

COAL    BEDS    EAST   OF    HOMER   SPIT. 

The  first  prominent  coal  locality  inside  Homer  spit  is  the  Bradley 
seam,  on  the  beach  a  short  distance  southwest  of  Fritz  Creek,  a  small 
creek  6  miles  northeast  of  the  spit  (PI.  III).  The  outcrop  of  (lie 
Bradley  seam  runs  from  the  bluff  obliquely  across  the  beach  with  an 
average  northward  dip  of  about  15°.     Although  this  seam  aggregates 
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about  7  feet,  there  is  only  18  inches  of  clear  coal,  the  greater  portion 
of  the  bed  being  made  up  of  thin  seams  interbedded  with  leaf -bear 
ing  shale.  It  is  said  that  J.  A.  Bradley  drove  a  tunnel  at  this  place 
several  years  ago,  but  it  is  now  caved  in. 

From  Fritz  Creek  eastward  to  McNeil  Canyon  the  coal  seams  exposed 
in  the  sea  bluff  are  mostly  thin  and  of  little  value.  In  one  stretch  of 
2  miles  the  section  is  almost  entirely  sandstone.  This  soon  dips  below 
sea  level,  giving  place  to  a  100-foot  section  containing  half  a  dozen  coal 
seams,  the  thickest  of  which  is  27  inches. 

About  10  miles  northeast  of  Homer  coal  is  exposed  in  the  canyon 
of  McNeil  Creek.  Several  years  ago  a  Mr.  Curtis  drove  two  short 
tunnels  on  a  1-foot  seam  at  a  point  400  yards  west  of  the  canyon  and 
a  few  feet  above  the  beach.  The  seam  is  called  the  Curtis  seam.  A 
short  wharf  and  coal  bins  were  built  and  still  remain.  When  the 
locality  was  visited  in  June,  1901,  one  tunnel  was  partly  closed  and 
full  of  water;  the  other,  above  the  bins,  was  covered  by  a  dirt  slide. 
Iron-stained  sandy  clay  forms  the  roof,  and  the  floor  is  gniy  clay. 
In  the  bluff  above  the  Curtis  seam  there  are  three  other  coals,  sepa- 
rated by  thick  beds  of  clay  or  soft  sandstone.  The  lowest  of  the 
three  is  nearly  4  feet  thick  and  has  only  1  inches  of  parting.  The 
rocks  lie  nearly  horizontal,  so  that  this  seam  is  found  about  300  }Tards 
up  the  canyon,  where  it  causes  a  small  cascade  35  feet  above  high  tide, 

A  short  distance  farther  up  the  canyon,  and  60  feet  above  tide,  a 
20-inch  coal  seam  causes  another  cascade.  From  this  seam  to  the  toj 
of  the  bluff  the  section  measures  325  feet,  and  contains  21  feet  4 
inches  of  coal.  Four  of  the  coal  seams  are  3  or  more  feet  thick, 
Two  hundred  tons  of  coal  were  mined  in  McNeil  Canyon  in  1891,  taker 
to  San  Francisco,  and  submitted  to  a  series  of  tests. a 

The  section  on  Cottonwood  Creek,  2  miles  beyond  McNeil,  consist] 
largely  of  soft  shale.  It  is  reported  that  prospecting  has  been  done 
here,  but  no  traces  of  it  were  seen.  In  the  canyon  no  coal  seams  ovei 
2  feet  thick  were  seen  until  at  an  elevation  of  300  feet  a  bed  appearec 
which  seemed  at  a  distance  to  have  a  thickness  of  3  feet.  The  coa 
in  this  canyon  is  lighter,  perhaps  less  compact,  and  dull.  Some  of  ii 
preserves  its  woody  structure  so  perfectly  that  it  will  split  in  slab 
and  chips  like  wood. 

A  heavy  sandstone  layer  conspicuous  near  the  top  of  the  bluff  ai 
Cottonwood  Creek  seems  to  be  almost  as  high  above  the  beach  ai 
Eastland  Canyon,  1^  miles  farther  east.  At  the  mouth  of  the  canyor 
there  are  the  ruins  of  three  cabins,  a  short  dock,  and  a  small  tram 
way  which  runs  up  the  gulch  2,000  feet.  Active  mining  exploratioi 
work  was  done  here  by  M.  B.  Curtis,  engineer  in  charge,  from  1891 1( 
1897.  One-half  mile  up  the  canyon  the  creek  cascades  over  a  coa 
seam  which  has  the  following  section: 

aDall,  W.  H.,  Coal  and  lignite  of  Alaska:   Seventeenth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  1,  pp 

831-832. 
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Section  of  coal  in  Eastland  Cam/on,  Kachemak  Hay. 

Ft,  in. 

Coal 1  3 

Clay 0  2 

Coal 0  4 

Clay  and  coal 1  .°> 

Coal 2  6 

Total 5     6 

This  seam  is  about  250  feet  above  tide,  has  a  sandstone  roof  and 
clay  floor,  and  dips  north  at  an  angle  of  4°.  The  tunnel  driven  at  the 
end  of  the  tramway  on  this  coal  seam  is  choked  at  the  mouth  and  was 
not  accessible.  Farther  upstream,  on  the  eastern  fork,  there  is  a  coal 
seam  3  feet  2  inches  thick  at  an  elevation  of  360  feet,  and  a  vertical 
fault  crosses  the  canyon,  trending  N.  45°  W. 

The  next  stream  entering  the  bay  by  a  deep  canyon  is  1  mile  beyond 
Eastland.  A  20-foot  fall  within  a  few  rods  of  the  beach  suggests  the 
name  Falls  Creek,  given  to  it  by  the  writer.  A  number  of  coal  seams 
1  to  2  feet  thick  are  exposed  in  the  bed  of  the  stream.  There  are  at 
least  four  which  range  in  thickness  from  3  to  6  feet.  The  coal  in  this 
cairyon  is  fairly  solid,  but  light  and  woody.  It  has  a  dull  fracture  and 
brown  color,  unlike  the  glossy  lignite  west  of  Homer  spit.  This  char- 
acter is  noticeable  from  McNeil  Canyon  eastward. 

From  Falls  Creek  toward  the  head  of  the  bay  the  strata  dip  at  low 
angles  toward  the  north.  For  some  distance  the  upper  part  of  the 
bluff  is  red,  due  to  the  baking  of  clay  beds  by  the  burning  of  coal 
seams.  The  coal-bearing  formation  is  visible  as  far  as  the  head  of  the 
bay,  and  a  3-foot  seam  of  coal  is  reported  15  miles  beyond  the  head  of 
the  bay,  200  feet  above  tide,  on  Sheep  Creek. 

Shoal  water  extending  a  half  mile  or  more  offshore  makes  access  to 
the  Kachemak  Bay  coal  seams  difficult,  and  the  quality  of  the  fuel  is 
such  that  there  is  no  large  demand  for  it.  Analyses  of  some  of  these 
coals  are  given  on  page  170. 

The  Kachemak  Bay  coals  carry  a  large  quantity  of  moisture  and  it 
seems  probable  that  15  to  20  per  cent  is  the  amount  that  would  be  held 
by  the  marketed  coal.  DalPs  analyses  for  the  same  field  average  less 
than  12  per  cent  moisture,  which  is  explained  by  the  fact  that  his  sam- 
ples were  kept  in  cloth  bags  and  had  a  chance  to  dry.  A  recent 
experiment  by  W.  F.  Hillebrand  showed  that  a  coarse  ground  sample 
contained  in  a  covered  tin  standing'  in  the  laboratory  lost  one-half  per 
cent  of  moisture  in  a  week. 

The  fuel  ratio  of  the  coal  from  this  bay  is  low  and  its  bulkiness  is  also 
an  objection.  It  can  be  mined  in  large  quantity  without  much  difficulty 
and  is  an  excellent  house  coal,  but  the  demand  for  it  is  small  in  this 
region.  This  coal  will  make  steam  readily  and  might  be  used  locally 
if  it  were  offered  for  sale  at  the  proper  price.  If  put  on  the  market, 
Kachemak  Bay  coal  would  have  to  compete  with  higher  grade  lignites 
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from  Puget  Sound  and  bituminous  coal  from  Vancouver  Island.  It 
could  do  this  successfully  in  a  few  Alaska  markets  if  mined  on  such 
a  large  scale  as  to  be  sold  at  a  low  price,  commensurate  with  its  quality] 

PORT   GRAHAM. 

The  small  bay  of  Port  Graham,  on  the  east  side  of  Cook  Inlet,  lies 
halfway  between  Kachemak  Bay  and  the  southern  end  of  Kenai 
Peninsula.  The  cove  on  the  north  side  of  Port  Graham  under  Dan- 
gerous Cape  was  called  Coal  Bay  by  Portlock,  who  discovered  coal 
here  in  1786." 

At  the  west  end  of  a  crescent-shaped  beach  behind  Dangerous 
Cape  is  a  low  bluff,  in  which  are  exposed  sedimentary  rocks  lying 
between  igneous  rocks  1,000  feet  apart.  The  series  is  composed  of 
sandstone,  shale,  clay,  and  coal.  Two  outcrops  of  coal  were  seen,  one 
on  the  beach  between  high-tide  and  low-tide  level  and  the  other  near^ 
the  west  end  of  the  gravel  beach  at  high-tide  mark.  A  tunnel  driven 
on  the  coal  at  this  outcrop  is  now  caved  and  inaccessible.  At  the 
mouth  of  the  tunnel  there  are  between  8  and  9  feet  of  coal,  some  or 
which  is  good  and  some  bony.  On  top  of  the  bluff,  a  short  distance 
back  from  the  beach  and  about  in  line  with  this  tunnel,  is  the  mouth 
of  a  large  shaft.  The  dump  here  is  small  and  shows  no  coal,  from 
which  it  may  be  inferred  that  the  shaft  ended  at  no  great  depth.  On 
the  beach  at  the  end  of  a  log  crib  is  the  framework  of  a  6  by  10  foot 
shaft,  in  one  corner  of  which  are  two  vertical  hollow  logs,  which  may 
have  been  pump  columns.  An  old  Russian  miner,  who  lived  for  many 
years  at  Seldovia  and  died  there  in  May,  1904,  at  the  age  of  about  95 
years,  said  he  had  worked  in  this  shaft.  As  he  remembered  it,  the 
shaft  was  180  feet  deep  and  passed  through  five  seams  of  coal,  of  which 
the  first  was  about  5  feet  thick,  the  three  succeeding  ones  smaller,  and 
the  fifth,  at  the  bottom  of  the  shaft,  was  about  9  feet  thick.6  Nothing 
is  known  of  the  extent  of  the  workings  in  this  shaft,  although  2,700 
tons  are  said  to  have  been  mined/  The  ruins  of  several  large  log 
buildings  on  the  hill  back  of  the  shafts,  and  of  a  stone  pier  extending 
out  at  least  100  yards  from  the  mouth  of  the  tunnel  on  the  beach, 
point  to  considerable  activity  in  this  bay  at  the  time  of  the  Russian 
occupancy,  from  1855  to  1867. 

The  coal  at  Port  Graham  is  lignite,  black,  brilliant,  clean  to  handle, 
with  conchoidal  fracture.     An  analysis  is  given  on  page  170. 

CAPE    DOUGLAS. 

Cape  Douglas  is  at  the  southwestern  entrance  to  Cook  Inlet  and 
terminates  the  prominent  shoulder  on  the  northeastern  end  of  Alaska 
Peninsula.     Rumors  of  the  existence  of  coal  in  this  vicinity  led  Dall 

"  Portlock,  Nathaniel:  A  Voyage  to  the  Northwesl  Coasl  of  America,  1",  London,  1789,  pp.  102-110. 
b  Information  furnished  verbally  by  E.  G.  Wharf,  of  Seldovia. 
c  Bancroft,  H.  H.,  History  of  Alaska,  p.  694. 
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to  visit  the  region  in  1895/'  but  he  found  no  coal  seam  of  any  economic 
value.  The  writer  was  detained  at  Cape  Douglas  during  the  entire 
month  of  July,  1904,  and  had  ample  opportunity  to  investigate  the 
geology  of  the  cape  and  vicinity.  The  report  that  coal  occurs  here 
was  based  probably  on  the  appearance  of  some  beds  of  black  shale 
which  outcrop  at  one  or  two  points  in  the  sea  bluff,  and  at  a  short  dis- 
tance closely  resemble  coal  seams.  The  mountains  on  the  mainland 
back  of  the  cape  are  composed  in  part  of  sedimentary  rocks,  and  show 
numerous  beds  which  from  the  coast  look  like  coal.  An  examination 
of  the  talus  slopes  and  stream  beds  showed  only  black  shale,  and  the 
conclusion  was  drawn  that  there  is  no  coal  seam  of  any  value  at  Cape 
Douglas. 

AMALIK    HARBOR. 

As  time  was  limited  and  progress  with  the  small  sloop  used  as  a 
means  of  conveyance  was  slow,  it  was  impossible  to  examine  each  bay, 
and  Amalik  Harbor  was  passed  by  without  entering.  Dall  has  the 
following  to  say  concerning  it:6 

This  locality  is  situated  on  the  south  shore  of  the  peninsula,  in  about  latitude  58°  5'. 
Behind  Takli  Island  there  is  a  good  anchorage,  well  sheltered  from  all  winds.  The 
coal  seams  are  on  the  main  shore  opposite  the  island  and  close  to  the  entrance. 
The  rocks  are  chiefly  coarse  sandstone,  resting  conformably  on  an  andesitic  agglom- 
erate and  containing  andesitic  pebbles.  These  sandstones  have  a  thickness  of  250 
feet  or  more  and  dip  northeast  at  an  angle  of  about  30°.  Low  down  in  the  series  are 
strata  of  stream-bedded,  sharp  gravel,  in  layers  about  5  feet  thick,  with  three  seams 
of  impure  coal,  each  about  18  inches  thick.  About  4  inches  of  this  is  pure  glossy 
coal  having  a  bituminous  aspect.  Unlike  most  Alaskan  coals,  it  soils  the  hands  when 
touched,  and  is  said  to  be  good  for  use  in  a  blacksmith's  forge.  *  *  *  The  small 
dimensions  of  the  seam,  however,  forbid  anticipating  any  commercial  future  for  it, 
though  it  may  be  useful  for  local  purposes. 

On  the  shore  about  1  mile  southwest  of  Takli  Island  there  is  a  low 
jbluff  of  sedimentary  rocks.  These  are  soft  sandstone  and  fine  con- 
glomerate, with  some  shale.  They  are  cut  by  dikes  and  sills  of  green- 
ish, fine-grained  andesite  and  basalt,  and  are  more  or  less  faulted. 
|A  seam  of  coal,  exposed  for  100  feet  in  the  bluff,  with  shale  roof  and 
floor,  was  measured  by  the  writer: 

Section  of  coal  near  Amalik  Harbor. 


Bonv  coal 

Ft. 

0 

in. 

Clay 

0 

•> 

Bony  coal 

1 

8 

Coal 

0 

•> 

Clav 

0 

ft 

Bonv  coal 

0 

3 

"Coal  and  lignite  of  Alaska:  Seventeenth  Ann.  Rept.  U.  S.  Gcol.  Survey,  ]>t.  1,  p.  798. 
&0p.  cit.,  p.  799. 
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Ft.  in. 

Coal 0  3 

Clay 0  0£ 

Coal 0  1\ 

Clay 0  3 

Coal 0  10 

Bony  coal '. 0  7 

Total 5      1 

A  short  distance  farther  down  the  beach  a  bed  of  carbonaceous 
material  about  8  feet  thick  is  exposed  for  25  feet  between  faults.  It 
is  composed  largely  of  bony  coal,  with  a  few  2-inch  or  3-inch  Layers  of' 
hard,  glistening  coal.  Although  the  thickness  of  these  seams  is  sev-i 
eral  feet,  it  will  be  seen  readily  that  because  of  their  small  extent  and 
bony  character  they  have  no  value. 

KATMAI. 

Katmai  Bay  is  a  few  miles  west  of  Amalik  Harbor,  on  the  south 
shore  of  Alaska  Peninsula,  in  latitude  58°.  It  is  reported a  that  coal 
has  been  found  on  one  or  more  of  the  trails  which  lead  out  from  Kat- 
mai, but  this  has  not  yet  been  confirmed. 

COLD   BAY. 

Rumors  of  coal  at  Cold  Bay,  30  miles  west  of  Katmai,  seem  to  have 
little  foundation.  A  careful  investigation  of  the  entire  shore  of  the 
bay  showed  nothing  in  the  way  of  coal  excepting  occasional  streaks 
of  bright,  glistening  carbon  contained  in  Jurassic  rocks  on  the  shore. 
These  bands  of  coal  were  several  feet  long  and  up  to  2  inches  thick. 

UGASHIK    LAKE. 

Coal  is  reported  on  the  southeastern  side  of  the  southern  one  of  the 
Ugashik  lakes  by  Mr.  Mittendorf,  a  trader  at  Nushagak.*  This  lake 
is  -10  miles  southwest  of  Cold  Bay  and  back  of  Kialagvik  Bay.  The 
coal  outcrops  all  over  the  side  of  the  bluff  on  the  lake.  It  is  poor, 
resembling  cannel  coal  in  appearance,  but  has  a  rather  high  tempera- 
ture of  ignition.  A.  G.  Maddren,  collector  for  the  National  Museum, 
believes  the  deposit  here  is  not  lignite,  but  a  mass  of  peat  which  has 
been  baked  or  coked  by  a  lava  flow. 

KODIAK    ISLAND. 

Reports  from  various  sources  confirm  the  presence  of  coal-bearing 
series  in  a  number  of  places  on  this  island.  It  was  impossible  for  the 
writer  to  investigate  them  personalty,  and  the  following  statements 
are  based  on  the  observations  of  others. 

"Tenth  Census,  Report  on  Alaska.  \>.  87. 

*>Spurr,  J.  E.,  A  reconnaissance  in  southwestern  Alaska:  Twentieth  Ann.  Kept.  U.  S.  Geol.  Survey, 
pt.  7,  p.  262. 
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At  three  points  near  the  middle  of  the  island  on  the  eastern  shore 
here  are  sandstones  containing  thin  seams  of  lignite.  These  localities 
,re  the  shores  of  Ugak  Bay,  Eagle  Harbor  at  the  native  settlement  of 
)rlova,  and  the  northern  shore  of  Kiliuda  Bay  next  southward. a  It  is 
■eported6  that  in  a  little  bight  off  the  entrance  of  Kiliuda  Bay  there  are 
wo  coal  seams,  probably  6  to  8  inches  thick.  On  the  northern  shore 
f  the  island  coal  is  found  along  part  of  the  shores  of  Uganik  Bay  and 
f  Uganik  Island  in  the  bay,  which  opens  into  Shelikof  Strait.  Coal 
xists  in  a  clay  bank  near  the  beach  at  Red  River,  which  is  a  small 
tream  on  the  south  side  of  Cape  Ikolik,  the  westernmost  point  of 
£odiak  Island. 

SITKINAK    ISLAND. 

Coal  occurs  on  the  high  island  of  Sitkinak,6'  one  of  the  Trinity 
slands,  at  the  southern  end  of  the  Kodiak  group.  In  the  rocks 
vhich  outcrop  boldty  in  a  lagoon  on  the  northeast  side  of  the  island 
here  are  a  number  of  seams  of  coal,  one  of  which  is  said"'  to  be  10  or 

2  feet  thick,  standing  vertically  in  a  bluff  20  feet  high.     The  deposit 

3  somewhat  limited  in  extent.  Small  schooners  have  sometimes  visited 
his  locality  to  get  a  boat  load  of  coal,  which  can  be  obtained  handily 
rom  the  beach.  It  makes  steam  readily,  but  is  inconveniently  situ- 
ted  for  access  by  large  vessels.  The  almost  constantly  raging  surf 
eating  around  the  shallow  coast  is  a  serious  obstacle. 

ANIAKCHAK    BAY. 

The  presence  of  coal  seams  in  Aniakchak  Bay  is  reported  from 
everal  sources.  It  is  understood  that  there  is  a  seam  of  coal  about  7 
.riches  thick  included  in  a  5-foot  bed  of  carbonaceous  shale.  This  coal 
i  said  to  be  clean,  to  burn  with  little  flame  or  smoke,  and  to  leave 
nly  a  small  amount  of  ash.     Thus  it  seems  to  be  of  good  quality. 

CHIGNIK   BAY. 

Chignik  Bay  is  a  large  reentrant  on  the  south  side  of  Alaska  Penin- 
jula,  in  longitude  158°  and  latitude  56°  20'.  Coal  has  been  mined 
onstantly  at  one  locality  in  the  vicinity  of  this  bay  for  nearhT  twelve 
ears  and  has  led  to  the  search  for  other  prospects.  It  is  now  known 
o  occur  in  four  places  in  this  region:  Chignik  River,  Whalers  Creek, 
'hompson  Creek,  and  Hook  Bay. 

The  Alaska  Packers'  Association  salmon  cannery,  near  the  mouth 
>f  the  lagoon  at  the  head  of  Chignik  Bay,  requires  about  600  tons  of 

tal  a  year  for  use  in  its  towing  steamer  and  several  launches  and  for 
e  machinery  of  the  works,  and  for  a  number  of  years  the  fuel  has 
een  supplied  from  the  mine  on  Chignik  River. 


oDall,  loc.  cit.,  i>.  800. 

ft  Information  from  P.  W.  Francis,  of  Seattle,  Wash. 
c  Eleventh  Census,  Report  on  Alaska,  1893,  p.  78. 
d  Information  from  P.  W.  Francis,  of  Heat  tie,  Wash. 
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CIIIGN'IK    KIVEK. 


The  coal  mine  on  Chignik  River,  which  was  hastity  examined,  is  on 
the  west  bank,  well  up  toward  the  mouth  of  the  first  lake,  and  about 
two  hours  distant,  by  steamer,  from  the  Alaska  Packers1  Association 
cannery.  The  channels  of  the  lagoon  and  river  are  so  shallow  that  a 
boat  drawing  over  2  feet  of  water  can  not  make  the  passage  on  less 
than  half  tide.  The  seam  outcrops  directly  on  the  river  bluff,  comes 
to  the  surface  of  the  ground  in  a  ravine  above  the  bluff,  and  has  been 
traced  inland  more  than  half  a  mile.  It  was  discovered  in  1885,"  but 
it  was  not  until  1893  that  the  company  began  to  develop  the  mine. 

The  bed  dips  northeast  at  an  angle  of  20°  and  strikes  N.  5°  W.  Two 
6-foot  tunnels  have  been  driven  on  the  seam,  about  40  feet  apart. 
The  upper  tunnel  is  about  250  feet  long  and  has  been  widened  to  a 
width  of  40  feet  in  the  clear  in  some  places,  Avith  a  single  crosscut  to 
the  lower  tunnel.  It  is  now  abandoned,  and  work  is  being  done  only 
in  the  lower  tunnel,  which  runs  in  nearly  straight  for  500  feet.  At 
the  face  the  tunnel  strikes  a  roll  in  the  floor  which  cuts  out  the  greater 
part  of  the  seam.  Rooms  have  been  opened  on  the  upper  side  of  the 
tunnel  up  to  the  roll,  which  runs  diagonal  to  the  direction  of  the 
tunnek  so  that  in  the  first  room,  which  is  about  150  feet  from  the 
entrance,  the  roll  is  75  }^ards  from  the  drift.  The  coal  is  carried 
from  the  breast  of  the  rooms  to  the  tunnel  in  chutes  and  taken  out  in 
tram  cars,  from  which  it  is  dumped  directly  on  the  barge. 

A  section  of  the  seam  measured  in  the  tunnel  is  as  follows: 

Section  of  Chignik  River  coal  seam. 

Ft.       in. 

Dry  bone,  with  thin  coal  streaks 0  3  to  9 

Coal 0  6 

Coal  and  dirt 0  8 

Coal  1  0 

Bony  coal  (gob) 1  5 

Coal 1  4 

Total _■ 5     2 

The  roof  of  the  seam,  which  is  shale  with  thin  streaks  of  coal,  is 
very  even  and  is  overlain  by  sandstone.  The  floor,  however,  is  not  so 
regular,  and  a  roll  or  swelling  in  it  reduces  the  thickness  of  the  seam 
at  the  end  of  the  tunnel  from  5  feet  to  9  inches.  It  is  possible  that  the 
roll,  which  is  known  to  be  rather  long,  may  be  narrow,  and  that  a 
short  tunnel  driven  through  it  would  discover  the  full  thickness  of  the 
seam  on  the  other  side.     An  analysis  of  this  coal  is  given  on  page  170. 

The  coal  is  solid  and  bright,  and  comes  out  in  good-sized  chunks. 
When  used  under  a  boiler  it  has  to  be  stoked  very  frequently  to  keep 
it  burning  fast,  and  the  engineer  at  the  cannery  reported  to  Dall  that 

«Dall,  W.  H.,  Coal  and  lignite  of  Alaska:  Seventeenth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  1,  p.  802. 
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118  pounds  of  Chignik  coal  equal  LOO  pounds  of  Wellington  (B.  C.) 
soal.  Properly  handled  it  is  a  fairly  satisfactory  steaming  coal, 
although  it  makes  a  large  amount  of  ash,  and  fires  have  to  be  cleaned 
much  oftener  than  with  Wellington  coal. 

Chignik  River  mine  is  worked  throughout  the  year  by  two  men 
without  machinery,  the  coal  being  undercut  by  hand  and  shot  down. 


WHALERS    CREEK. 


Whalers  Creek  is  a  small  stream  that  enters  the  lagoon  from  the 
north  a  short  distance  below  the  mouth  of  Chignik  River.  Coal  is 
fexposed  for  600  feet  along  the  northernmost  of  the  three  main  branches 
3f  the  creek. 

The  strike  in  this  ravine  is  N.  35°  E.,  and  the  dip  is  east  at  an  angle 
of  21°.     The  section  of  the  coal  seam  is  as  follows: 

Section  of  coal  on  Whalers  Creek. 

Ft.  in 

Goal 1  0 

Clay 0  1 

Coal . . : 0  8 

Clay  and  bone 0  1 

Coal 1  7 

Bone 0  0£ 

Coal 1  Oh 

Bone  and  coal 0  7 

Total 5     1 

In  appearance  the  coal  is  a  lignite  much  the  same  as  that  mined  at 
Chignik  River,  but  the  section  of  the  bed  is  better,  the  partings  being 

Ehin.  A  short  prospect  tunnel  has  been  driven  on  the  outcrop,  but 
he  property  is  rendered  of  little  value  by  a  series  of  faults  which 
have  broken  the  rocks  into  blocks.  A  fault  about  500  feet  below  the 
tunnel  and  another  115  feet  above  it  cut  the  coal  out  entirely.  On  the 
upstream  side,  about  40  feet  above  the  tunnel,  a  vertical  fault  trend- 
ing N.  45°  W.  throws  the  coal  down  6  feet. 

Half  a  mile  south  of  this  coal  prospect  a  bed  of  fossil  invertebrates 
was  found  in  the  ravine  of  the  middle  fork  of  Whalers  Creek.  T.  W. 
Stanton  reports  them  to  be  Upper  Cretaceous.  This  locality  lies 
between  the  coal  on  Whalers  Creek  and  Chignik  River,  but  its  relation 
to  the  coal-bearing  formation  was  not  determined. 

THOMPSON    CREEK. 

In  the  valley  of  Thompson  Creek,  which  enters  the  head  of  Chignik 
Bay  and  is  about  7  miles  north-northwest  from  Chignik,  there  are 
several  seams  of  coal.  The  only  information  available  concerning  the 
region  is  furnished  by  Chas.  J.  Brun,  of  Chignik,  who  states  that 
there  are  three  seams,  of  which  the  top  one  is  5  feet  thick.     About 
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60  feet  below  it  is  a  seam  showing"  1  feet  of  clean  coal,  and  again  40  feet 
lower  is  another  seam  about  3i  feet  thick.  Thompson  Creek  coal  has 
the  same  appearance  as  that  of  Chignik  River,  being  a  fair  grade  of 
lignite. 

HOOK    BAY. 

A  curved  recess  on  the  north  shore  of  Chignik  Bay,  about  12  miles 
northeast  from  Chignik,  is  known  as  Hook  Ba}T.  Coal  is  reported 
about  1  miles  from  the  beach,  on  the  right-hand  fork  of  a  stream 
which  enters  the  bay.  According  to  C.  J.  Brun,  who  is  familial 
with  the  locality,  there  are  two  seams  of  coal  5  and  6  feet  thick  separated 
by  2  feet  of  bony  shale.  He  claims  that  this  coal  is  superior  to  the 
others  at  Chignik  Bay.  It  is  free  burning  and  makes  yellow  ash. 
The  beds  strike  north  and  dip  east  at  an  angle  of  about  15°.  The 
writer  had  no  opportunity  to  visit  the  locality. 

OTHER    LOCALITIES. 

Coal  was  seen  at  two  other  localities  on  Chignik  Bay.  Near  the 
native  village  that  stands  1  mile  east  of  the  Alaska  Packers'  Association 
cannery,  a  tunnel  was  driven  several  years  ago  about  20  feet  on  what 
appeared  to  be  a  1-foot  seam  of  coal.  It  proved  to  be  alternate  1-inch 
layers  of  coal  and  dirt,  and  the  work  of  mining  being  unprofitable  it 
was  abandoned. 

At  the  head  of  the  creek  which  enters  Anchorage  Ba}T  near  the  old 
Hume  cannery,  there  are  carbonaceous  shales  in  abundance,  and  one 
block  of  clear,  bright  coal,  6  inches  thick  was  found.  The  bed  from 
which  it  came  appeared  to  pinch  out  into  carbonaceous  shale  within 
a  few  yards. 

HERENDEEN    BAY. 

Circumstances  made  it  impossible  to  investigate  the  Herendeen  Bay 
coal  field  during  the  summer  of  1904,  and  the  following  statements 
were  obtained  by  personal  interviews  with  people  who  are  familiar 
with  the  region. 

Herendeen  Bay  is  a  branch  of  Port  Moller,  which  is  situated  on  the 
north  side  of  Alaska  Peninsula  (opposite  Shumagin  Islands).  It  is 
reached  from  Portage  Bay,  on  the  southern  side  of  the  peninsula,  by 
a  trail  about  9  miles  long.  An  area  20  square  miles  in  extent  on  the 
cape  between  Port  Moller  and  Herendeen  Bay  is  supposed  to  be 
underlain  by  coal,  but  the  real  extent  may  be  much  less. 

Several  companies a  have  tried  to  develop  the  coal  in  this  held,  but 
without  success,  because  the  coal  seam  is  cut  off  by  faults,  and  its 
continuation  could  not  be  found.  The  latest  attempt  was  in  the  sum- 
mer of  1903.  The  drift  previously  begun  on  a  seam  4:  feet  thick  was 
driven  200  feet  farther  by  a  new  company,  making  the  face  250  feet 

a  Dull,  op.  cit.,  i».  mi:). 
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from  the  mouth.  About  125  feet  from  the  mouth  an  entry  was  driven 
75  feet  long  up  the  dip  and  a  raise  made  from  it  to  the  surface,  a 
distance  of  30  feet.  A  level  on  the  coal,  run  from  this  entry  about 
25  feet  from  the  main  drift,  struck  a  fault  at  15  feet.  Believing"  that 
there  was  another  bed  of  coal  about  26  feet  below  the  one  being 
worked,  a  tunnel  was  started  near  the  mouth  of  the  entry  and  run  in 
level  against  the  rise  for  108  feet.  Several  10-inch  to  15-inch  seams 
were  encountered,  but  none  larger.  The  mine  is  over  a  mile  from 
the  sea  and  about  300  feet  above  tide.  In  April,  1901,  the  miners 
stopped  work  and  seized  the  property  for  unpaid  wages.  A  consider- 
able quantity  of  lumber,  rails,  tools,  hardware,  etc.,  landed  at  Portage 
Bay,  was  never  taken  to  the  mine.  a 

Judging  from  the  analysis  given  on  page  170,  this  coal  is  bituminous 
in  character. 

It  is  reported  that  gas  was  encountered  in  such  quantity  in  the 
mines  as  to  make  the  use  of  safety  lamps  necessary. 

UNGA   ISLAND. 

While  the  writer  was  at  Chignik,  G.  C.  Martin  went  to  Unga  to  see 
the  Apollo  mine.  He  made  notes  on  the  lignite  at  Zachary  Bay,  Unga 
Island,  and  has  written  the  report  which  follows: 

Unga  is  the  principal  island  of  the  Shumagin  group  which  extends  about  50  miles 
south  and  east  from  Portage  Bay,  Alaska  Peninsula.  The  group  lies  half  way 
between  Kodiak  and  Unalaska  islands.  The  eastern  Shumagins,  according  to  Dall, 
are  granite,  those  in  the  middle  of  the  group  are  largely  composed  of  metamorphic 
quartzites  and  schistose  rocks,  b  while  Unga  contains  volcanic  rocks  and  Tertiary 
beds.  It  has  been  known  for  many  years  that  these  Tertiary  strata  contain  coal 
seams. 

The  lignite  of  Unga  Island  is  apparently  restricted  in  area  to  the  peninsula  on  the 
west  side  of  Zachary  Bay,  or  Coal  Harbor,  as  it  is  more  commonly  called,  a  region 
about  6  or  8  square  miles  in  extent.  It  occurs  in  the  soft  shale  and  sandstone  of  the 
Kenai  formation,  of  Oligocene  age.  The  Kenai  formation  is  overlain  by  the  Unga 
conglomerates,  which  are  of  Miocene  age.  These  Tertiary  rocks  dip  northwest  at 
various  angles,  reaching  in  places  20°.  They  are  adjoined  on  the  south  by  crystal- 
line rocks,  principally  andesites.  The  crystalline  rocks  may  underlie  the  Tertiary 
sediments  or  may  be  intruded  into  them,  or  the  contact  may  be  one  of  faulting. 

The  following  section,  which  was  measured  on  the  west  shore  of  the  bay  near  Mr. 
Tibbey's  coal  mine,  shows  the  character  of  the  Unga  conglomerates  and  of  that  part 
of  the  Kenai  formation  which  is  above  sea  level. 

Section  on  west  shore  of  Coal  Harbor. 

Ft.    in. 

1.  Conglomerate  and  sandstone 140  0 

2.  Shale  and  sandstone 20  0 

3.  Conglomerate  of  fine  pebbles 68  0 

4.  Conglomerate  of  coarse  pebbles 2  0 

5.  Sandy  shale 1  0 

"Information  concerning  the  work  done  by  this  company  was  obtained  verbally  from  a  miner  who 
was  employed  at  Herendeen  Bay  from  February  to  April,  1904. 
*>Dall,  op.  cit.,  p.  807. 
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Ft.  in. 

6.  Coal 6  6 

7.  Shale 12  0 

8.  Shale,  with  4  thin  coal  seams 15  8 

9.  Shale  and  sandstone 50  0 

10.  Coal 1  11 

11.  Shale  and  sandstone 64  0 

12.  Shale,  with  3  thin  coal  seams 6  6 

13.  Sandstone  and  shale 15  0 

14.  Shale  and  sandstone,  with  2  thin  coal  seams 10  4 

15.  Sandstone 26  0 

16.  Shale,  with  numerous  thin  coal  seams 25  0 

17.  Sandstone  and  concealed 45  0 

18.  Concealed  to  tide  level 62  0 

Total 570    11 

The  beds  represented  by  Nos.  1  to  4  represent  the  Unga  conglomerate  and  have 
been  determined  by  Dall  to  be  of  Miocene  age.  The  remaining  strata  belong  in  the 
Kenai  formation  and,  according  to  Dall,  are  of  Oligocene  age. 

The  most  promising  of  the  seams  is  No.  6  of  the  above  section,  which  has  in  detail 
the  following  section: 

Section  of  coal  seam  on  west  shore  of  Coal  Harbor. 

Inches. 

Coal 2 

Shale 1 

Coal 12£ 

Sandy  shale 4  to  7 

Coal 17 

Shale £  to  2 

Coal 6 

Bone '. 2£ 

Shale 6 

Coal 2 

Shale 1 

Coal 1 

Shale 8  to  9 

Coal  (thickness  reported) 12-1 


Total 76  to  82  , 

The  upper  part  of  this  seam  contains  over  3  feet  of  coal  of  fair  quality,  in  which 
the  partings  are  not  thick  enough  to  interfere  seriously  with  mining.  The  coal 
is  a  bright,  clean  lignite  of  sufficient  firmness  to  stand  handling  without  excessive 
crushing. 

A  group  of  thin  seams  of  no  economic  importance  is  represented  in  No.  8.  No. 
10,  a  seam  consisting  of  23  inches  of  clean  coal  without  partings,  may  prove  to  be 
workable.  A  tunnel  which  opened  up  this  seam  some  years  ago  has  now  caved  in.1 
Another  group  of  thin  unimportant  seams  similar  to  No.  8  is  represented  in  No.  12. 

Only  two  seams  known  at  present  may  be  regarded  as  possibly  of  economic 
importance.  These  are  lignites  of  fair  quality,  which  compare  not  unfavorably  with 
much  coal  that  is  sold  on  the  Pacific  coast. 

If  the  coal  is  mined  with  sufficient  care  to  keep  it  clean  and  a  local  market  is 
secured,  it  would  seem  that  it  should  be  able  to  compete  with  the  somewhat  better 
but  more  expensive  coals  that  are  now  being  shipped  to  this  part  of  Alaska. 
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SOUTH    COAST    FROM    OHIGNIK    BAY   TO    END   OF    PENINSULA. 

Other  points  on  the  peninsula  where  coal  occurs  in  small  amount  are 
Coal  Cape,  near  Mitrofania  Island,  west  longitude  159  ;  Portage  Bay, 
160°  35';  Beaver  or  Otter  Bay  and  Coal  Bay,  161°  40',  west  of  Shu- 
magin  Islands.  Nothing  is  known  of  the  coal  at  these  localities,  but  it 
is  assumed  to  be  of  the  same  character  as  that  found  farther  east  along 
the  peninsula;  it  occurs  probably  in  thin  seams. 

ALEUTIAN    ISLANDS. 

The  chain  of  islands  that  extends  westward  from  Alaska  Peninsula 
is  composed  largely  of  volcanic  material  but  contains  some  sedimen- 
tary and  metamorphic  rocks.  Lignite-bearing  beds  are  supposed  to 
occur  on  several  of  the  islands,  the  supposition  being  drawn  inferen- 
tial^ from  reports  of  localities  where  amber  has  been  found.  The 
only  island  on  which  coal  is  said  to  exist a  is  Akun,  which  is  on  the 
south  side  of  Unimak  Pass.  It  is  probable  that  thin  seams  of  lignite 
of  limited  extent  may  be  found  in  the  Aleutian  Islands,  but  as  far  as 
present  information  goes  it  is  doubtful  whether  any  of  them  may  be 
commercially  valuable. 

ANALYSES. 

In  the  following  table  proximate  analyses  of  coal  from  most  of  the 
fields  in  southwestern  Alaska  are  given.  These  were  all  made  in  the 
chemical  laboratory  of  the  U.  S.  Geological  Survey,  with  the  exception 
of  the  analysis  of  Matanuska  coal  made  by  C.  C.  Bogardus,  of  Seattle, 
Wash.  The  samples  from  Kachemak  Bay,  Port  Graham,  andChignik 
River  were  collected  by  the  writer.  Each  sample  represents  the  com- 
mercially valuable  portion  of  a  seam.  These  samples  were  washed  and 
dried  several  hours  in  the  open  air  before  crushing  and  quartering, 
and  sealed  in  tin  cans,  so  there  was  little  chance  for  evaporation  din- 
ing the  six  months  which  elapsed  before  they  were  analyzed.  Two 
sets  of  analyses  were  made,  one  from  samples  ground  in  a  cotfeemill, 
and  the  other  ground  to  powder  in  an  agate  mortar.  The  analyses  of 
the  coarse-ground  samples  are  believed  to  represent  more  closely  the 
condition  of  the  coal  as  it  would  be  mined  and  marketed,  and  are  given 
below.  Five  analyses,  made  by  George  Steiger,  are  from  samples  col- 
lected by  W.  H.  Dall  in  1895.  They  were  "  taken  from  the  seam  and 
tied  in  bags  of  stout  duck,  and  analyzed  immediately  on  arrival  at 
headquarters"6  several  months  later. 

a  Dall,  op.  cit.,  p.  811.  &Dall,  op.  fit.,  p.  827. 
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Analyses  of  coals  from  soutJnvest  Alaska. 
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Locality. 


Matanuska  River 

Kachemak  Bay,  mine  camp 

Kachemak  Bay,  mine  camp 

Kachemak  Bay,  mine  camp 

Kachemak  Bay,  Curtis  seam 

Kachemak  Bay,  McNeil  Can- 
yon. 

Kachemak     Bay,    Eastland 
Canyon. 

Port  Graham 

Amalik  Harbor 

Kodiak  Id.,  Red  River 

Chignik  River 

Herendeen  Bay 

Unga,  upper  seam 

Unga,  lower  seam 


Mois- 
ture. 

Vol. 
comb, 
matter. 

Fixed 
carbon. 

Ash. 

Sul- 
phur. 

Per  ct. 

Per  ct. 

I',  ret. 

Per  ct. 

Perct. 

1.15 

22. 50 

69.34 

6. 42 

0.89 

20.87 

40.71 

33.29 

5.13 

.36 

19.26 

43. 95 

28.74 

8.05 

.32 

19.  22 

41.22 

31.96 

7.60 

.38 

18.  92 

37.62 

28.  59 

14.87 

.46 

21.54 

39.10 

30.26 

9.10 

.34 

19.29 

40.31 

33.11 

7.29 

.27 

16.87 

37.48 

39. 12 

6.  53 

.39 

1 .  62 

36.56 

52.  92 

8.90 

.75 

12.  31 

51. 48 

33.80 

2.41 

.17 

2.72 

39.  92 

43.76 

13.60 

2.15 

3.43. 

39. 00 

47.40 

10. 17 

.44 

11. 26 

40.  51 

41.24 

6.99 

2.17 

10. 58 

66. 21 

15.26 

7.95 

.56 

Sic1.      Analygt- 


Per  ct. 
3.08 
.81 
.63 
.77 
.76 


.82 

1.04 
1.45 

.66 
1.12 
1.21 
1.02 

.23 


C.  C.  Bogardus. 
W.  T.  Schaller. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Geo.  Steiger. 

Do. 
W.T.  Schaller. 
Geo.  Steiger. 

Do. 

Do. 


Sample  3  in  the  above  table  was  taken  from  the  outcrop  of  the  2-foot 
9-inch  seam  near  the  west  end  of  the  Cook  Inlet  Coal  Fields  Company 
Railroad,  Kachemak  Bay;  sample  4  came  from  50  feet  inside  tunnel 
No.  3  at  the  mine  camp;  sample  7  represents  30  inches  of  a  4^-foot 
bed  occurring  below  tide  about  500  feet  off  shore  near  Coal  Creek; 
sample  8  was  cut  from  the  outcrop  of  the  Curtis  seam  400  yards  west 
of  McNeil  Canyon;  sample  9  is  from  a  4-foot  seam  found  300  yards 
from  the  beach  up  McNeil  Canyon;  sample  10  is  from  the  lower 
30-inch  bench  of  a  5£-foot  coal  seam,  on  which  a  tunnel  was  driven 
in  Eastland  Canyon,  and  sample  1  was  taken  from  the  outcrop  below 
tide  at  Port  Graham. 

These  analyses  show  that  the  Matanuska  coal  is  by  far  the  best 
obtained  at  any  of  the  localities  described,  but  the  writer  does  not 
know  how  representative  it  is  of  the  seam  or  field.  The  field  is  50 
miles  from  tide  water  and  several  hundred  miles  from  any  present 
source  of  demand,  and,  seemingly,  can  hardly  compete  as  a  steam  coal 
in  outside  markets  with  the  semianthracite  and  bituminous  coal  which 
has  been  found  at  Controller  Ba}T,  but  may  find  special  markets  if  it 
proves  adaptable  for  smelter  use. 

In  the  next  table  are  given  averages  of  analyses  of  Kachemak  Bay 
and  Unga  coals  in  comparison  with  competing  coals  from  Vancouver 
Island  and  Puget  Sound: 
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Averages  of  analyses  of  Pacific  coast  and  Alaska  coals. 
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Number 

of 
analyses. 


6 
2 
5 
5 
4 
10 
17 


Locality, 


Kachemak  Bay  « 

Unga  Island  & 

Controller  Bay  *' 

Comox,^  Vancouver  Island  . . . 
Nanaimo,^  Vancouver  Island  . 

Washington  e 

Coos  Bay,/  9  Oregon 


Moisture 

Vol. 
comb, 
matter. 

Fixed 

carbon. 

Per  cent. 

Per  oni. 

Per  cent. 

L9.85 

40.  48 

30.  99 

10.92 

53.36 

28.25 

2.18 

12.76 

74.  33 

1.25 

i'(i.  87 

58.  74 

2.10 

34.  68 

54.  47 

4.  43 

31.60 

56.  01 

10.22 

44. 19 

38.  91 

Ash. 


Per  a  ut. 
s.  67 
7.47 

10.  73 

11.  76 
8.09 
7.45 
7.35 


Sulphur. 


I'i  r  ci  ut. 

0.  35 
1.30 

.93 
1.38 

.66 


90 


"W.  T.  Schaller,  above,  p.  170. 

&Dall,  Coal  and  lignite  of  Alaska:  Seventeenth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  1,  p.  828. 

c  Martin,  G.  C,  Bering  River  coal  fields:  Bull.  U.  S.  Geol.  Survey  No.  225,  p.  374. 

d  Annual  Report  of  Minister  of  Mines,  1902,  British  Columbia,  p."  H  2G2. 

e  Smith,  Coal  fields  of  the  Pacific  coast:  Twenty-second  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  3,  p.  490. 

/Ibid.,  p.  510. 

&Diller,  Geology  of  northwest  Oregon:  Seventeenth  Ann.  Rept.,  U.  S.  Geol.  Survey,  pt.  1,  p.  504. 

MARKET. 

The  present  market  for  coal  in  southwestern  Alaska  is  largely  at 
Valdez,  Seward,  Dutch  Harbor,  and  the  salmon  canneries  along  Alaska 
Peninsula,  on  Kodiak  Island,  and  in  Bristol  Bay.  Most  of  the  canneries 
use  Wellington  (British  Columbia)  coal  brought  from  the  States  as 
ballast  in  their  own  ships.  It  costs  them  about  $5  a  ton  at  Seattle 
and  $7  at  San  Francisco.  A  large  market  supplying  fuel  for  steamers 
may  be  developed  at  Valdez  and  Dutch  Harbor  in  the  future.  Passen- 
ger steamers  and  revenue  cutters  get  Wellington  coal  at  these  points 
for  $12  a  ton.  The  completion  of  the  Alaska  Central  Railroad  would 
make  Seward  a  large  town,  with  increasing  demand  for  fuel,  and,  if 
the  Matanuska  River  coal  proves  abundant  and  desirable,  might  make 
Seward  a  coaling  station  for  ocean  vessels. 

In  view  of  the  very  high  grade  of  the  coal  which  has  been  found  at 
Controller  Bay  and  which  may  soon  be  in  competition  with  the  Pacific 
coast  bituminous  coals,  it  hardly  seems  possible  that  any  of  the  south- 
western Alaska  lignites  have  a  bright  future,  unless  there  should  bo 
a  local  demand  for  their  use  in  gas  engines,  for  which  there  is  some 
reason  to  believe  they  are  adapted.  The  development  of  an  extensive 
copper  mining  and  smelting  industry  in  Prince  William  Sound,  which 
may  be  looked  for  at  some  future  date,  will  afford  another  market  for 
fuel,  but  the  demand  will  be  for  a  coking  coal.  It  seems  possible  thai 
the  Matanuska  coal  will  meet  this  requirement. 


COAL  FIELDS  OF  THE  CAPE  LISBURNE  REGION.0 


By  Arthur  J.  Collier. 


INTRODUCTION. 

Cape  Lisburne  is  a  bold  headland  which  marks  the  northwestern 
extremity  of  a  great  land  mass  which  projects  into  the  Arctic  Ocean 
from  the  western  coast  of  Alaska  between  latitudes  68°  and  69°.  It 
is  160  miles  north  of  the  Arctic  Circle  and  300  miles  in  a  direct  line 
from  Nome,  and  is  the  only  point  north  of  Bering  Straits  where  hills 
above  1,000  feet  in  height  approach  the  sea.  This  peninsula  can  be 
conveniently  termed  the  Cape  Lisburne  region.  In  outline  it  roughly 
resembles  a  hand,  of  which  Cape  Lisburne  forms  the  knuckle  and 
Point  Hope,  about  40  miles  southwest  of  Cape  Lisburne,  the  index 
finger,  pointing  west.  The  Point  Hope  Peninsula  is  a  triangular 
area  about  11  miles  wide  at  its  base,  next  the  main  land,  that  extends 
16  miles  out  to  sea.  It  consists  of  two  low  sanclspits  which  con- 
verge and  meet  near  the  point,  the  space  between  being  occupied 
in  part  by  a  lagoon  called  Marryat  Inlet  and  in  part  by  the  delta  of 
the  Kukpuk  River.  It  is  therefore  a  typical  cuspate  foreland.  East 
of  the  Point  Hope  foreland  there  is  a  range  of  hills  called  the  Lis- 
burne Mountains,  which  extend  from  ("ape  Lisburne  southward  to 
Cape  Thompson,  and  at  their  highest  point  probably  attain  an  eleva- 
tion of  2,500  feet. 

East  of  the  Lisburne  Range  there  is  a  region  of  rolling  hills  and 
ridges,  usually  below  800  feet  in  elevation,  which  extends  eastward 
for  an  undetermined  distance.  The  trend  of  the  ridges  and  many  of 
the  valle}rs  is  dependent  on  the  bed-rock  structures. 

The  drainage  of  the  region  is  effected  mainly  by  one  large  river, 
called  the  Kukpuk,  whose  basin  occupies  most  of  the  interior  portion. 
It  rises  about  60  miles  southeast  of  Cape  Lisburne  and  discharges  into 
Marryat  Inlet.  Thetis  Creek  and  Pitmegea  River  are  two  smaller 
streams  which  drain  a  region  lying  north  of  the  Kukpuk  basin  and 
discharge  into  the  Arctic  Ocean  33  and  40  miles,  respectively,  east  of 
Cape  Lisburne. 

a  Abstract  of  bulletin  in  preparation. 
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A  settlement  at  Point  Hope,  including  a  mission  and  several  whaling 
stations,  contains  about  250  Eskimos  and  20  white  men,  all  of  whom 
ire  dependent  on  the  fisheries  or  the  fur  trade.  The  mineral  resources 
}f  the  region,  which  are  as  yet  undeveloped,  consist  of  the  coal  depos- 
its to  be  described. 

These  coal  fields  are  accessible  only  by  sea  from  July  to  October, 
inclusive.  There  is  no  harbor  or  protection  for  sea- going  vessels,  but 
in  calm  weather,  or  when  the  winds  are  from  the  south,  coal  can  be 
boated  or  lightered  to  ships  anchored  from  i  to  2  miles  off  shore. 

The  nearest  protected  harbor  is  Kotzebue  Sound,  about  200  miles 
southeast,  near  which  there  are  several  gold-mining  camps  of  con- 
siderable importance.  The  whole  region  is  exceedingly  bleak  and 
dreary.  It  is  far  beyond  the  northern  limit  of  spruce  timber  and  even 
the  willows  are  stunted,  the  largest  seen  in  the  most  sheltered  places 
being  not  over  4  feet  high.  The  nearest  standing  timber  suitable  for 
mining  purposes  is  at  the  mouth  of  the  Noatak,  150  miles  southeast. 

HISTORY  AND   EXPLORATION. 

Captain  Cook  discovered  and  named  the  cape  in  the  year  1778,  but 
coal  was  first  reported  in  the  region  by  Mr.  A.  Collie,  who  accom- 
panied Captain  Beechey  to  the  Arctic  Ocean  in  1826  and  1827.  The 
point  of  discovery  by  Mr.  Collie  was  near  Cape  Beaufort,  an  unim- 
portant feature  of  the  coast  line  70  miles  east  of  Cape  Lisburne. 
Messrs.  Belcher  and  Collie,  of  the  Beechey  expedition,  also  collected 
paleontological  materials  and  made  notes  on  the  geology  at  Cape  Lis- 
burne and  Cape  Thompson. 

During  the  last  twenty-five  years  whalemen  have  often  replenished 
their  fuel  supply  from  these  coal  beds,  the  points  most  frequently 
visited  being  Corwin  Bluff,  28  miles  east  of  Cape  Lisburne,  where  the 
U.  S.  revenue  cutter  Corwin,  Captain  Hooper  commanding,  took  on 
20  tons  of  coal  in  1881,  and  the  Thetis  mine,  36  miles  east  of  Cape  Lis- 
burne, where  the  revenue  cutter  Thetis  coaled  in  1888  and  1889. 

The  discovery  of  gold  at  Nome  in  1898  drew  attention  to  these 
deposits  as  possible  sources  of  fuel  for  the  mines  of  Seward  Penin- 
sula, and  several  companies  were  organized  to  exploit  them.  Large 
areas  of  coal  land  were  staked  and  several  cargoes  of  coal,  probably 
in  all  more  than  1,000  tons,  were  mined  and  sold  at  Nome  in  1900  and 
1901,  since  which  time  the  production  has  been  merely  nominal. 

Schrader,rt  of  the  United  States  Geological  Surve}7,  visited  Corwin 
Bluff  in  19<)1  at  the  end  of  his  field  season  in  northern  Alaska  and  col- 
lected notes  on  the  geology  of  the  region  from  various  prospectors. 

On  account  of  the  economic  importance  of  the  coal  deposits  and 
the  scientific  interest   in  the   geologic   formations,   a    more  detailed 
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examination  of  the  field  was  undertaken  by  the  United  States  Geolog- 
ical Survey  in  1904.  The  party  for  this  purpose  was  landed  at  Corwin 
Bluff  on  July  23,  and  after  examining  the  coast  line  from  Cape  Beau- 
fort to  Point  Hope  sailed  from  the  latter  point  on  August  22.  The 
party  consisted  of  the  writer,  who  was  in  charge,  Chester  Washburne 
and  C.  J.  Hutchinson,  held  assistants,  and  Joseph  Edge,  boatman,  alb 
of  whom  rendered  untiring  and  efficient  service  and  contributed  in  a 
greater  or  less  degree  to  the  fund  of  information  obtained. 

The  important  economic  result  of  this  expedition  is  the  demonstra- 
tion (1)  that  the  coal  fields  are  much  more  extensive  than  has  generally 
been  supposed,  and  (2)  that  there  are  two  distinct  coal-bearing  forma- 
tions in  the  region.     One  of  these  formations  lies  east  of  Cape  Lis-i 
burne  and  contains  low-grade  bituminous  coal  of  Mesozoic  age;  the] 
other  lies  south  of  the  cape  and  contains  high-grade  bituminous  coal^ 
of  Paleozoic  age. 

GEOLOGY. 

The  hard  rock  formations  of  this  region  fall  readily  into  two  groups, 
the  Paleozoic  and  the  Mesozoic,  whose  distribution  is  indicated  by  the 
topographic  features,  since  the  Paleozoic  rocks  produce  the  high  relief 
of  the  Lisburne  Range,  while  the  Mesozoic  rocks  underlie  the  undu- 
'ating  lowlands  northeast  of  these  mountains. 

l'ALEOZOIG    FORMATIONS. 

Heavy  calcareous  sandstones  and  interbedded  slates  which  occur  on 
the  west  side  of  the  Lisburne  Mountains  constitute  what  is  probably 
the  oldest  formation  of  the  region.  They  are  exposed  in  sea  cliffs  over, 
a  stretch  of  about  15  miles  north  of  Marryat  Inlet.  The  sandstone 
beds  range  in  thickness  from  1  to  10  feet,  while  the  slates  are  usually 
thinner.  Their  total  thickness  has  not  been  determined,  though  it  is 
certainly  not  less  than  1,000  feet.  The  structure  consists  of  a  series  of] 
broad,  open  folds,  the  dips  rarely  exceeding  30°.  Being  massive  beds, 
the  strains  to  which  they  have  been  subjected  have  been  taken  up  in 
two  sets  of  well-defined  joint  plains  and  a  slaty  cleavage  in  the  softer 
members.  The  sandstones  often  present  schistose  phases  and  contain 
secondary  mica.  This  formation  is  Paleozoic,  probably  pre-Carbonif- 
erous  in  age,  but  no  fossils  have  been  found  in  it. 

The  sandstone  is  conformably  overlain  by  a  series  of  slates,  shales, 
cherts,  and  limestones  of  Carboniferous  age,  a  part  of  which  has  been 
called  the  Lisburne  formation." 

These  rocks  form  the  sea  cliffs  from  Cape  Dyer  to  a  point  3  miles 
east  of  Cape  Lisburne  (a  distance  of  about  20  miles),  the  greater  part 
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f  the  cliffs  at  Cape  Thompson,  and  the  main  mass  of  the  Lisburne 
mountains.  The  series  consists  of  divers  beds  which  fall  into  three 
[roups:  (1)  A  lower  group  consisting  of  slates,  shales,  and  limestones, 
pntaining  several  coal  beds  and  yielding  Paleozoic  fossil  plants;  (2)  a 
[ledian  group  of  black  cherts,  slates,  shales,  and  cherty  limestones  con- 
fining marine  bivalve  fossils,  the  most  common  being  an  aviculopec- 
en;  (3)  an  upper  group  of  massive  limestones  of  great  thickness, 
hade  up  largely  of  coral,  and  seeming  to  shade  off  into  massive  white 
herts. 

The  shaly  members  are  often  closely  crumpled,  while  the  more 
passive  beds  present  broad,  open  folds  complicated  by  frequent  thrust 
aults,  making  the  stratigraphy  difficult  to  decipher.  The  prevailing 
tructures,  indicated  by  strikes  and  fault  planes,  seem  to  extend  south- 
astward  nearly  parallel  to  the  trend  of  the  Lisburne  Range.  The 
otal  thickness  of  the  coal-bearing  member  is  not  very  great,  probably 
iot  exceeding  a  few  hundred  feet,  though  data  for  a  satisfactory  esti- 
oate  of  thickness  are  wanting  on  account  of  the  intense  crumpling  to 
yhich  the  beds  have  been  subjected.  Fossil  plants  of  a  type  common 
n  the  Paleozoic  coal  beds  of  the  eastern  United  States  have  been 
ound  in  the  black  slates  associated  with  the  coal. 


MESOZOIC   FORMATIONS. 


The  relation  of  the  Paleozoic  to  the  Mesozoic  rocks  could  not  be 
letermined,  for,  at  the  contact,  faulting  has  brought  older  beds  above 
he  younger. 

The  Mesozoic  rocks  occur  on  the  coast  about  3  miles  east  of  (ape 
lisburne  and  extend  beyond  the  limits  of  the  area  covered  by  this 
nvestigation.  They  consist  of  two  members,  of  which  the  older  is 
oal-bearing  while  the  younger  is  not  only  destitute  of  coal  but  also 
>f  fossils. 

The  coal-bearing  member,  which  has  been  called  the  Corwin  forma- 
ion,  begins  on  the  coast  line  about  26  miles  east  of  Cape  Lisburne  and 
tbout  2  miles  west  of  Corwin  Bluff.  From  this  point  it  extends 
eastward  to  and  beyond  Cape  Beaufort,  the  eastern  limit  of  the  area 
comprised  in  this  investigation.  This  formation  consists  of  rather 
:hin-bedded  shales,  sandstones,  and  conglomerates.  The  shales,  which 
form  the  greater  part  of  the  section,  vary  fron^greenish-brown  calca- 
reous to  black  carbonaceous  beds,  and  in  texture  from  mud  stones  to 
ine-grained  sandy  shales. 

The  sandstones  occur  at  infrequent  intervals  through  the  forma- 
tion, in  beds  usually  less  than  10  feet  in  thickness.  Their  outcrops 
form  low  ridges,  which  are  easily  traceable  over  eroded  areas.  The  con- 
glomerates are  made  up  mainly  of  quartz  and  chert  pebbles,  ranging  in 
liameter  from  one-half  to  4  inches.  A  conglomerate  bed  about  15  feci 
thick,  which  reaches  the  coast  at  Corwin  Bluff,  makes  a  distinct  ridge 
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from  100  to  200  feet  high,  which  has  been  traced  southeastward  for 
about  15  miles,  giving  a  definite  key  to  the  stratigraphy  of  a  portion  of 
the  field. 

The  thickness  of  the  Corwin  formation  exposed  along  the  coast  near 
Corwin  Bluff  is  not  less  than  15,000  feet.  The  base  of  the  formation 
has  not  been  observed,  but  it  probably  rests  unconformably  on  the 
Paleozoic  rocks. 

Fossil  plants  collected  from  it  indicate  that  the  age  is  Jurassic. 

The  structure  consists  of  several  broad  synclines  and  anticlines,  the 
dips  of  the  beds  varying  from  0°  to  60°.  There  is  no  evidence  of 
faulting  other  than  minor  shearing  movements  parallel  with  the 
bedding  planes. 

The  Corwin  formation  is  conformably  overlain  by  a  more  arenaceous 
series  of  sandstones  and  shales  in  which  neither  coal  beds  nor  fossils 
have  been  found.  The  contact  of  these  rocks  with  the  Corwin  rocks 
may  be  seen  about  2  miles  west  of  Corwin  Bluff,  whence  it  extends 
southeastward  for  several  miles  to  the  limit  of  the  area  investigated. 
The  western  limit  of  the  formation  is  a  well-defined  fault  line  extending 
southeastward  from  a  point  on  the  coast  3  miles  east  of  Cape  Lisburne, 
where  the  formation  is  in  contact  with  the  Paleozoic,  which  is  over-f 
thrust.  The  structure  of  this  formation  increases  in  complexity  from 
its  base  at  the  top  of  the  Corwin  formation  as  this  fault  is  approached; 
there  are  intense  crumpling  and  numerous  minor  thrust  faults.  For 
this  reason  it  is  impossible  to  estimate  the  thickness  of  the  formation, 
but  the  evidence  obtained  indicates  that  its  minimum  thickness  is  not 
less  than  5,000  feet. 

QUATERNARY    FORMATIONS. 

Pleistocene  and  Recent  deposits  of  gravel,  sand,  silt,  and  ground  ice 
occur  at  a  number  of  places  in  the  region,  the  largest  area  being  about 
88  square  miles  in  the  Point  Hope  foreland,  already  described.  A 
part  of  this  area  is  said  to  be  underlain  b}^  ground  ice. 

Smaller  Quaternary  deposits  occur  near  the  mouth  of  Thetis  Creek, 
at  Cape  Sabine,  at  Cape  Beaufort,  and  in  the  valley  of  the  Pitmegea 
River. 

Where  such  deposits  occur  along  the  coast,  cliffs  are  formed  by  the 
undercutting  of  the  surf,  in  which  ground  ice  is  often  exposed  beneath 
beds  of  peat,  silt,  or  talus  from  the  higher  hills. 

DETAILED  DESCRIPTION   OF  THE  COAL  FIELDS. 
MESOZOIC   COAL   FIELD. 

Geology,  topography,  and  extent. — The  Mesozoic  coal-bearing  forma- 
tion, described  on  page  175,  outcrops  along  the  coast  from  a  point  26 
miles  east  of  Cape  Lisburne  eastward  for  40  miles  to  Cape  Beaufort, 
beyond  which  point  the  hills  recede  from  the  coast.     The  formation 
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probably  continues  northeastward  for  an  undetermined  distance,  since 
it  is  known  to  occur  at  Wainwright  Inlet,  120  miles  beyond  Cape 
Beaufort,  where  it  contains  coal  seams  and  has  yielded  fossils. 
rhroughout  this  distance  coal  fragments  are  found  on  the  beach, 
where  they  have  been  pushed  up  by  the  ice,  and  pieces  of  coal  have 
ilso  been  dredged  up  from  the  sea  floor.  Similar  coals  are  reported 
o  occur  at  the  headwaters  of  the  Colville  and  Ikpikpuk  (Chipp)  rivers, 
300  miles  east  of  Cape  Lisburne. 

The  southern  boundary  of  the  coal-bearing  formation  runs  south- 
eastward from  the  coast  for  about  10  miles,  beyond  which  point  it 
probably  turns  southward.  Coal  is  reported  in  the  interior  20  miles 
■south  of  Cape  Beaufort,  so  that  it  is  safe  to  say  that  the  area  of  coal 
and  in  the  Lisburne  region  is  not  less  than  300  square  miles,  and  is 
probably  very  much  more  than  that. 

The  topography  of  this  field  consists  of  low  rounded  hills  and  ridges, 
isually  less  than  600  feet  in  elevation.  The  ridges  and  drainage  are 
ietermined  by  the  bed  rock  structure. 

Investigations  the  past  season  indicate  that  there  are  not  less  than 
10  coal  beds  in  the  formation,  aggregating  about  150  feet  of  coal,  and 
me  croppings  of  many  other  beds  have  probably  been  overlooked, 
rhe  coal  beds,  however,  are  undeveloped,  and  exact  measurements 
were  in  most  cases  impossible.  Coal  has  been  mined  from  a  group  of 
Deds  at  Corwin  Bluff  and  from  another  at  Thetis  mine,  and  croppings 
3f  coal  have  also  been  observed  at  many  other  places,  the  first  discov- 
eries being  near  Cape  Beaufort. 

Corwin  group. — Corwin  Bluff,  a  sea  cliff  200  feet  high,  is  about  28 
miles  east  of  Cape  Lisburne.  The  highest  part  of  the  bluff  rises  sheer 
from  the  water,  but  about  half  a  mile  west  of  it  there  are  narrow 
rocky  beaches  along  the  foot  of  the  cliff,  and  a  few  hundred  yards 
east  there  is  a  short  sand  beach  at  the  mouth  of  a  small  creek.  The 
bluff  is  at  the  seaward  end  of  a  ridge  formed  by  the  cropping  of  the 
conglomerate  bed  which  has  been  already  noted  as  giving  a  definite 
key  to  the  stratigraphy.  The  coal  beds  of  the  Corwin  group  are 
near  this  bluff  and  stratigraphically  lie  both  above  and  below  the 
conglomerate.     They  strike  N.  75°  W.,  and  dip  SW.  from  80°  to  40°. 

The  highest  coal  seam  noted  in  the  series  outcrops  in  the  sea  cliff  1  § 
miles  west  of  Corwin  Bluff.  It  is  exposed  by  a  recent  rock  slide  from 
the  cliff'  and  contains  4i  feet  of  coal  without  partings.  The  roof  and 
floor  are  soft  shales  or  shaty  sandstones. 

A  second  seam,  which  has  yielded  some  coal,  is  about  1,000  feet 
lower  stratigraphically,  the  intervening  beds  being  shales,  which  contain 
several  coal  seams  either  too  small  or  too  impure  to  be  of  value.  This 
bed  outcrops  in  the  sea  cliff  three-fourths  of  a  mile  west  of  the  Corwin 
Bluff,  and  is  developed  by  a  tunnel  about  40  feel  long,  driven  without 
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timbers.  The  coal  in  the  face  of  the  tunnel  is  solid  and,  though  frozen, 
docs  not  break  up  greatly  on  exposure  to  the  air.  The  seam  is  5  feet 
thick  and  has  two  thin  clay  partings,  one  1  foot  from  floor,  the  other 
about  the  middle  of  the  vein.  The  roof  is  shaly  sandstone,  which 
stands  well  without  timbers.  The  floor  is  hard  clay  shale.  A  few 
feet  below  this  seam  there  is  a  second  undeveloped  seam  two  or  three; 
feet  thick. 

The  next  bed  of  importance  is  about  500  feet  lower  stratigraphically, 
the  intervening  beds  being  shales  that  contain  four  or  five  small,  unim-j 
portant  coal  seams.  This  bed  is  probably  the  original  Corwin  vein,] 
and  has  yielded  a  considerable  amount  of  coal.  It  has  been  developed! 
by  a  tunnel  from  the  sea  cliff  and  an  air  shaft  from  the  level  surface] 
above  the  cliff,  which  is  about  75  feet  above  the  sea.  In  the  summer! 
of  1904  the  entrance  to  the  tunnel  was  closed  by  a  great  mass  of  ice, I 
the  remnant  of  snow  drifts  formed  during  the  preceding  winter,  andl 
the  air  shaft  was  rilled  with  water,  so  that  the  workings  were  inacces-j 
sible  and  the  coal  bed  could  not  be  measured.  It  is  reported  to  have! 
a  total  thickness  of  16  feet,  of  which  7  feet  is  clear  coal,  with  no  part- 
ings, while  the  remainder  contains  several  partings  and  is  without 
value. 

Below  this  bed  there  are  shales  for  about  1,000  feet  above  the  con] 
glomerate  bed  that  forms  Corwin  Bluff.  In  this  shale  there  arei 
eight  veins  of  coal,  indicated  by  croppings,  which  could  not  be  exam- 
ined in  detail,  their  exposures  in  the  cliffs  being  inaccessible.  Threei 
of  these  veins  are  over  4  feet  thick.  One  of  them,  which  immediately* 
overlies  the  conglomerate,  appears  from  the  sea  to  be  about  30  feet  I 
thick  and  to  contain  impure  coal.  Another,  said  to  be  about  12  feet  I 
thick,  and  a  third  4  feet  thick  are  reported  to  yield  clean  coal  of  good 
quality. 

Immediately  below  the  Corwin   Bluff   conglomerate  and   between 
it  and  a  massive  sandstone  is  an  irregular  bed,  which  is  reported  to; 
have  produced  about  500  tons  of  coal  during  one  season.     This  bed 
has  been  affected  by  shearing  movements  of  the  inclosing  strata.     Ir 
other  parts  of  the  series  the  inclosing  shales  are  soft  beds  which  hav< 
yielded  equally  to  shearing  strains,  so  that  the  coal  beds  have  remainec 
unaltered;  but  in  this  case,  the  conglomerate  and  sandstone  beds  bein£; 
rigid,  the  whole  effect  of  such  forces  has  been  felt  by  the  coal  be( 
which  lies  between  them.     The  coal  bed  appears  in  the  face  of  th< 
bluff  as  a  series  of  lenses.     The  coal  itself  shows  evidence  of  shearing 
but  is  obtained  in  large  pieces.     Since  this  bed  was  worked  the  face  o 
the  bluti'  has  fallen  down,  making  the  coal  inaccessible. 

The  next  bed  of  importance  in  the  series  outcrops  in  the  sea  elil 
about  1,000  feet  east  of  Corwin  Bluff,  and  is  stratigraphically  40< 
feet  below  the  conglomerate  bed,  the  intervening  strata  being  sand 
stones  and  shales  containing  many  plant  remains  and  one  small  coa 
bed  below  the  irregular  one  noted  above.     The  section  of  the  coal  be- 
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from  the  top  down  is  as  follows:  Clean  coal,  1  foot;  black  shale,  1 
lfoot;  clean  coal,  4  feet.  The  coal  from  the  upper  and  lower  benches 
ts  about  alike.  The  roof  of  this  bed  is  H  feet  of  black  shale,  and 
kbove  this  lies  shaly  sandstone.  The  floor  of  the  bed  is  black  shale  2 
ieet  thick,  below  which  is  1  foot  of  impure  limestone.  This  bed  has 
been  partially  opened  at  the  top  of  the  cliff,  which  is  about  100  feet 
high.  It  has  yielded  to  whaling  ships  some  coal  that  is  said  to  have 
been  of  good  quality.  The  face  of  the  cliff  up  to  a  height  of  75  feet 
ibove  the  sea  was  covered  in  July  and  August,  1904,  with  snow  and 
ce,  the  remnant  of  snowdrifts  accumulated  the  winter  before. 

Thetis  group . — The  coal  beds  of  the  Thetis  group  outcrop  along  the 
coast  6  miles  east  of  Corwin  Bluff  near  a  sandstone  cliff  about  30  feet 
high,  the  seaward  end  of  a  low  ridge  which  continues  inland  in  a  south- 
east direction.  This  cliff  is  about  ±\  miles  west  of  Cape  Sabine  and  2 
miles  east  of  the  mouth  of  Thetis  Creek.  The  strike  here  is  N.  60° 
W.  and  the  dip  about  20°  toward  the  southwest.  The  coal  beds  are 
stratigraphically  about  8,000  feet  below  the  lowest  bed  of  the  Corwin 
group.  The  intervening  shales  and  sandstones  carry  some  scattering- 
coal  beds,  but  none  that  are  known  to  be  of  economic  importance. 
The  coal  is  reported  to  have  been  first  worked  by  a  whaleman,  who 
found  all  the  accessible  beds  at  Corwin  Bluff  already  occupied  by  the 
crews  of  other  ships  and  was  directed  to  this  place  by  natives.  The 
U.  S.  revenue  cutter  Thetis  coaled  here  in  1888.  It  is  reported  that 
when  the  coal  was  discovered  a  large  outcrop  extended  across  the 
beach  standing  above  the  sand  and  that  a  considerable  amount  was 
easily  obtained.  In  1904  extensive  snowdrifts  covered  the  beaches 
and  the  cliff  face,  so  that  no  bed  was  seen  outcropping  on  the  beach. 

The  original  Thetis  vein,  which  was  worked  in  1888,  probably  over- 
lies the  massive  sandstone  which  forms  the  cliff  noted.  Croppings 
on  the  level  ground  above  the  bluff  indicate  two  coal  beds  of  con- 
siderable thickness,  with  15  or  20  feet  of  shale  between.  Reports  of 
the  workings  indicate  that  the  vein  has  a  thickness  not  less  than  6  feet. 
In  about  700  feet  of  dark  shales,  underlying  the  sandstone  bed,  10  coal 
beds  were  noted,  only  2  of  which  are  of  possible  economic  value.  The 
first  of  these  is  about  250  feet  below  the  Thetis  bed  and  outcrops  about 
100  feet  east  of  the  high  sandstone  cliff.  It  contains  4  feet  of  clean 
coal  without  partings.  The  second  is  about  200  feet  lower  in  the 
stratigraphic  column  and  outcrops  about  600  feet  farther  east.  It 
contains  3  feet  of  clean  coal  without  partings. 

Beds  helow  the  Thetis  (/roup. — Below  the  beds  of  the  Thetis  group 
there  are  3,000  feet  of  shales  and  sandstones  in  which  several  coal 
beds  have  been  noted,  but  none  of  commercial  value. 

East  of  Cape  Sabine. — East  of  Cape  Sabine  the  structure  probably 
causes  a  repetition  of  the  beds  described  above,  but  the  work  has  not 
been  sufficiently  detailed  to  identify  them.     The  coal-bearing  forma- 
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tion  is  not  exposed  in  the  sea  cliffs,  and  the  croppings  in  the  interior 
are  not  well  defined.  Croppings  of  half  a  dozen  or  more  coal  beds, 
were  seen  south  of  a  camp  10  miles  east  of  Cape  Sabine.  One  oa 
these  which  was  well  exposed  was  found  to  be  over  4  feet  thick.  Thej 
beds  strike  N.  80°  E.  and  dip  north  at  angles  varying  from  20°  to  40°.' 

Cape  Beaufort  field. — The  occurrence  of  coal  at  Cape  Beaufort,  40 
miles  east  of  the  Corwin  Bluff,  was  noted  by  Mr.  Collie  seventy-five* 
years  ago.  At  this  point  there  is  a  hill  500  feet  high,  but  the  cliff  is 
made  up  of  Quaternary  gravels,  ground  ice,  and  talus  from  the  hill,  so 
that  there  are  no  good  exposures.  In  the  hasty  examination  made 
last  summer  the  croppings  of  no  less  than  4  coal  beds  were  discov-j 
ered  on  this  hill,  but  no  measurable  exposures  were  found.  Mr.  F.  C. 
Schrader,  who  visited  the  locality  in  1901,  reported  seeing  a  partially 
developed  coal  bed  6  feet  thick  one-eighth  mile  from  the  coast.  The; 
beds  strike  south  45°  east  and  dip  southwest  at  an  angle  of  20°. 

Inland  extension — The  present  investigation  was  necessarily  con-J 
fined  to  a  strip  a  few  miles  wide  along  the  coast,  but,  as  has  been 
already  pointed  out,  the  inland  extension  of  the  coal  field  can  be 
reasonably  inferred  from  topographic  evidence.  Residents  of  the] 
region  who  have  made  the  trip  from  Point  Hope  to  Cape  Sabine,  by 
way  of  the  Kukpuk  and  Pitmegea  rivers,  report  rinding  coal  at  their \ 
camp  on  the  portage  between  these  rivers.  This  camp  could  not  have 
been  less  than  20  miles  inland  and  southeast  of  Cape  Sabine. 

Character  of  Mesozoic  coal. — Analyses  which  have  been  made  of  a 
number  of  samples  of  these  coals  indicate  that  the  coals  are  noncoking 
bituminous  and  scarcely  better  than  lignites. 

The  average  of  the  analyses  of  samples  taken  from  six  of  the  beds 
described  is  as  follows: 

Average  of  six  analyses  of  Mesozoic  coals  from  Cape  Lisburne. 

[Samples  taken  by  A.  J.  Collier;  analyses  by  W.  T.  Schaller.] 

Fixed  carbon 47.  43 

Volatile  combustible  matter 36.  95 

Moisture 10.  79 

Ash 5. 16 

Sulphur 50 

Fuel  ratio 1.  28 

It  is  reported  that  these  coals  have  not  given  complete  satisfaction 
for  steaming  purposes.  Though  they  burn  readily  and  produce  steam 
quickly,  they  are  of  low  specific  gravity  and  are  not  lasting.  It  takes 
about  double  the  amount  of  this  coal,  as  compared  with  Comax  coal, 
to  maintain  a  given  pressure.  It  burns  with  little  smoke,  but  produces 
a  large  amount  of  ash  and  cinder. 

Conditions  of  mining  and  development. — There  are  no  permanent 
developments  or  conveniences  of  mining  at  any  of  the  places  where 
coal  has  been  obtained.     When  the  mines  were  operated  by  the  whal- 
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ng  fleet  the  ships  steamed  up  and  anchored,  sending  their  crews 
jishore  to  mine  coal.  The  coal  was  dug  from  the  croppings  wherever 
|t  was  convenient.  Everything  black  was  sacked  up  and  sent  on 
board.  In  1900  and  1901  the  Arctic  Development  Company  and  the 
porwin  Trading  Company  attempted  to  mine  a  little  more  systemat- 
cally,  but  as  the  work  was  largely  done  by  Eskimos  and  directed  by 
nen  inexperienced  in  coal  mining  it  is  doubtful  if  the  product  was  a 
lair  indication  of  what  the  mines  would  produce  if  properly  devel- 
oped. Since  1900  a  few  white  men  remaining  at  Corwin  Bluff  have 
ittempted  to  mine  coal  during  the  winter  by  short  tunnels  driven  in 
Prom  the  face  of  the  sea  cliff. 

The  results  have  been  unsatisfactory,  since  the  sacked  coal  piled  on 
the  cliff  was  covered  by  snowdrifts,  which  turned  to  ice,  making  the 
?oal  inaccessible  when  the  ships  arrived  in  the  summer.  The  develop- 
ment of  the  coal  beds  from  some  point  back  of  the  cliffs  would  not  be 
iifficult,  because  of  their  perfect  regularity.  If  they  were  properly 
opened,  there  is  no  reason  why  the  mines  could  not  be  worked  all 
winter.  One  obstacle  to  such  development  is  the  absence  of  timber, 
but  by  leaving  large  pillars  this  difficulty  could  be  partly  overcome. 

Coal  mined  and  sacked  in  winter  would  be  available  for  shipment 
in  summer  if  piled  at  places  where  the  snowdrifts  do  not  form.  ,Dur- 
ing  the  summer  months  only  calm  days  can  be  used  for  boating  coal 
off  to  the  ships.  Strong  north  or  northeast  winds  make  landings  impos- 
sible, and  strong  south  winds  also  make  the  work  difficult.  During 
thity  days,  from  July  22  to  August  22, 1094,  there  were  thirteen  days  on 
which  the  surf  was  too  high  for  landing,  and  several  more  when  strong 
south  winds  would  make  the  use  of  a  line  necessary.  A  limited  amount 
of  coal  mined  here  would  probably  find  a  ready  sale  to  whaling  ships, 
and  a  larger  amount  could  be  disposed  of  in  the  mining  camps  about 
Kotzebue  Sound. 

PALEOZOIC    COAL    FIELDS. 

Location. — The  Paleozoic  coal-bearing  formation  outcrops  in  several 
small  areas  along  the  coast  south  of  Cape  Lisburne,  on  the  Kukpuk 
River,  about  15  miles  from  the  coast,  and  on  the  coast  at  Cape  Thomp- 
son. The  inland  extensions  and  outlines  of  these  areas  have  not  been 
determined,  owing  to  the  short  time  available  for  stud3ring  them. 
These  coal  beds  were  not  reported  by  any  of  the  early  explorers,  and 
they  have  not  been  worked  to  any  extent  by  whalemen.  They  were 
first  recognized  as  distinct  from  the  Mesozoic  coals  by  A.  G.  Maddren, 
who  visited  one  of  the  localities  in  1900. a  Small  amounts  of  the  coal 
have  been  tested  in  galley  stoves,  and  a  few  tons  have  been  mined  for 
use  at  the  Point  Hope  Whaling  Station,  but  no  large  amounts  have 
been  mined  and  no  analyses  have  been  made. 


a  Prof.  Paper  U.  S.  Geol.  Survey  No.  20,  p.  L13. 
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South  of  Cape  Lisburne. — Four  miles"  south  of  Cape  Lisburne 
black,  coal-bearing  shales  outcrop  for  about  half  a  mile  in  a  cliff] 
about  50  feet  high,  back  of  a  narrow  beach.  The  locality  is  nearc 
the  mouth  of  a  large  creek,  at  which  vessels  have  occasionally  taken] 
water.  On  the  south  side  the  shales  are  in  contact  with  massive  lime-j 
stones,  which  are  faulted  over  them.  The  outcrop  of  the  formation] 
extends  inland  in  a  southeast  direction,  but  its  limits  have  not  beeii 
determined.  The  shales  are  veiy  much  crumpled,  and  the  inclosed] 
coal  beds  are  often  sheared,  so  that  no  continuous  bed  remains,  bull 
the  coal  occurs  in  lenticular  masses  along  fault  planes.  Maddrenj 
reports  seeing  a  4-foot  or  5 -foot  coal  bed  which  outcropped  contin- 
uously for  several  hundred  yards  inland  and  dipped  north  at  an  angle! 
of  60°.  Small  amounts  of  coal  have  been  mined  from  the  lenses  noted) 
above,  and  Washburne  reports  seeing  on  the  ground  a  pile  of  coal] 
which  was  mined  and  sacked  previous  to  1904. 

Cape  Lewis  field. — About  a  mile  south  of  Cape  Lewis,  which  is  a 
promontory  nearly  1,000  feet  high,  11  miles  south  of  Cape  Lisburne, 
there  is  a  second  exposure  of  coal-bearing  shales  which  outcrop  for 
half  a  mile  in  a  low  cliff  back  of  the  beach.  These  shales  carry,  inl 
addition  to  the  coal,  abundant  fossil  plants  of  Paleozoic  type.  Except* 
in  this  cliff  no  outcrops  of  coal  have  been  observed,  though  there  are) 
occasional  croppings  of  black  shale  for  3  miles  southward  to  Cape  Dyer.j 
The  coal-bearing  shales  are  overlain  by  thin-bedded  limestones  and 
black  cherts  and  slates,  which  are  in  turn  overlain  by  the  massive 
limestones  of  Cape  Lewis.  They  appear  to  rest  comformably  on  the 
massive  sandstone  of  which  Cape  Dyer  is  composed. 

The  extension  of  the  formation  inland  has  not  been  determined. 
From  topographic  evidence  it  seems  to  extend  southeastward  and  to 
connect  with  the  area  of  similar  rocks  exposed  south  of  Cape  Dyer. 
The  croppings  of  three  beds  of  coal  occur  at  a  point  about  2  miles 
south  of  Cape  Lewis. 

The  upper  bed  strikes  N.  75°  E.  and  dips  northward  at  an  angle  oi 
40°.  It  is  4  feet  thick,  but.  is  considerably  crushed  and  only  line 
material  can  be  obtained  from  the  croppings.  The  seam  has  one 
small,  indistinct  parting  near  the  middle.  It  could  not  be  traced  back 
from  the  coast  on  account  of  a  heavy  covering  of  chert  and  limestone- 
debris.  The  roof  of  this  bed  is  a  hard,  siliceous  slate;  the  under- 
lying beds  are  black  slates.  Two  smaller  beds,  which  could  not  be 
measured,  outcrop  south  of  this  at  intervals  of  about  50  yards.  The- 
coal  beds  at  this  point  have  not  been  developed  and  have  yielded  nc< 
coal.  Though  only  one  bed  of  sufficient  thickness  to  mine  has  beer 
discovered  it  is  probable  that  a  small  amount  of  development  woulc 
uncover  several  beds,  some  of  which  may  be  thick  enough  to  work. 
The  structure  at  this  place  does  not  seem  greatly  complicated. 

'iTiiis  description  is  based  on  the  work  of  Chester  Washburne.    The  locality  was  not  visited  by  thi 
writer. 
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Cape  Dyer  field. — A  third  area  of  these  coal-bearing  rocks  reaches 
he  coast  south  of  ('ape  Dyer,  where  the  coal  beds  are  exposed  in  a 
ow  cliff  which  is  nearly  continuous  from  Cape  Dyer  to  the  high  bluff 
ailed  the  Ears,  a  distance  of  about  1^  miles. 

Cape  Dyer  is  about  16  miles  south  of  Cape  Lisburne.  Seen  from 
he  north  it  appears  as  an  isolated  butte  standing  out  in  the  sea,  the 
uul  hack  of  it  being  much  lower.  The  coal-bearing  rocks  probably 
onnect  across  back  of  the  high  point  with  the  area  above  mentioned, 
ou th  of  Cape  Lewis. 

The  coal-bearing  rocks  consist  of  black  shales  and  slates  interbedded 
vith  limestone.  At  the  north  end  of  this  exposure  they  overlie  the 
missive  sandstones  of  Cape  Dyer  with  apparent  conformity.  At  the 
iouth  end  of  the  exposure  the  sandstones  overlie  the  shales,  the  con- 
ict  relation  being  a  well-defined  thrust  fault.  Where  exposed  in  the 
sea  cliff  the  shales  and  interbedded  limestones  are  very  much  crumpled 
md  often  faulted.  Coal  beds  outcrop  at  several  places,  but  it  is 
mpDssible  to  determine  their  number,  since  some  of  them  may  be 
epeated.  The  largest  bed  seen  measures  40  inches  and  dips  south- 
ward at  an  angle  of  50°.  The  Coal  is  more  or  less  crushed  and  only 
mall  pieces  can  be  obtained  from  the  croppings. 

Only  one  of  the  other  beds  presented  a  measurable  exposure — a  bed 
L  foot  thick,  about  three-fourths  of  a  mile  south  of  Cape  Dyer.  The 
oal  from  this  bed  was  obtained  in  large  pieces.  Mr.  S.  J.  Marsh 
reports  that  in  1900  a  schooner  on  which  he  was  a  passenger  took 
ibout  a  ton  of  coal  from  this  place  for  use  in  the  galley  stove.  There 
ire  no  developments  and  no  indications  that  the  coals  have  been 
worked.  Development  will  be  difficult  and  mining  will  be  expensive 
in  this  area  on  account  of  the  disturbed  condition  of  the  beds. 

Kukpuk  River.- — Coal  beds  probably  of  Paleozoic  age  outcrop  on  the 
Kukpuk  River,  about  15  miles  from  its  mouth.  These  have  not  been 
examined  by  the  writer,  though  the  occurrence  of  the  Paleozoic  coal- 
bearing  formation  here  comes  within  his  observation.  Should  coal  be 
developed  on  this  river,  Marryat  Inlet  could  be  used  as  a  shipping- 
point  by  light-draft  boats. 

Cape  Thompson. — Similar  coals  have  been  reported  from  Cape 
Thompson,  about  10  miles  south  of  Cape  Lisburne.  The  Paleozoic 
rocks  are  known  to  extend  to  Cape  Thompson  and,  seen  from  a  dis- 
tance, the  cliffs  appear  to  contain  slates  similar  to  those  of  the  coal 
formation,  but  the  locality  has  not  been  examined  by  the  writer. 

inland  extension  of  Paleozoic  coals. — Nothing  is  definitely  known  of 
the  occurrence  of  the  Paleozoic  coal-bearing  rocks  beyond  a  point  15 
miles  from  the  sea  on  Kukpuk  River.  From  descriptions  of  Noatak 
River,  given  by  S.  B.  McLenigan,  it  seems  possible  that  the  crum- 
pled shaly  rocks  of  this  series  may  be  exposed  in  the  canyon  of  the 
Noatak,  which  is  probably  about  L20  miles  east  of  Cape  Thompson. 
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A  specimen  of  cannel  coal  of  good  qualit}^  was  obtained  lastsumme 
by  W.  Thompson  near  the  headwaters  of  the  Kivalena  River,  whic 
flows  into  the  ocean  south  of  Cape  Thompson.     This  may  have  com 
from  either  of  the  formations  described,  though  the  character  of  the 
coal  would  seem  to  place  it  with  the  Mesozoic  series. 

Cannel  coal  and  bituminous  coal  have  been  found  on  the  headwaters] 
of  the  Ipikpuk  and  Colville  Rivers,  250  miles  east  of  Cape  Lisburne.  % 
This  is  probably  in  an  eastern  extension  of  the  Corwin  series. 

Character  of  the  Paleozoic  coals. — The  Paleozoic  coals  are  bituminous 
and  of  a  much  better  grade  than  the  Mesozoic  of  the  region.  The! 
average  of  the  analyses  of  samples  from  three  localities  is  as  follows:  I 

Average  analysis  of  Utree  Paleozoic  coals  from  Alaska. 

Fixed  carbon 77.  68] 

Volatile  combustible  matter 16.  81 

Moisture 2.  l4 

Ash 2.  m 

Fuel  ratio 4.  60| 

One  assay  gives  sulphur  0.96  per  cent.  None  of  the  coals  coke.'; 
In  a  galley  stove  they  have  been  found  to  give  a  more  intense  fire  than 
Nanaimo  coal.  They  are  probably  of  as  good  quality  as  the  averagej 
semibituminous  coals  of  the  Eastern  States.  Their  occurrence  is  of| 
special  interest,  since  they  are  the  only  coals  of  Paleozoic  age  known 
west  of  the  Rocky  Mountains  in  America. 

Conditions  of  development. — The  development  of  these  coals  will  be 
difficult  on  account  of  the  crumpled  condition  of  the  beds,  but  the 
product  will  probably  command  as  good  a  price  as  the  best  coals 
shipped  to  Alaska. 

SUMMARY. 

The  coals  of  the  Lisburne  region  are  of  two  distinct  classes:  Low- 
grade  bituminous  coal  of  Mesozoic  age,  and  high-grade  bituminous  or 
semibituminous  coal  of  Paleozoic  age. 

The  Mesozoic  coals  are  known  to  cover  an  area  of  about  300  square 
miles,  but  reports  obtained  from  prospectors  and  others  indicate  that 
their  extent  may  be  much  greater.  The  coal-bearing  formation  is  of 
great  thickness  and  contains  at  least  150  feet  of  coal  distributed  in  40  to 
50  seams,  no  less  than  10  of  which  seem  to  be  of  economic  importance. 
The  geologic  structure  of  the  formation  is  simple  and  well  adapted  to 
mining,  to  which  the  greatest  obstacle  will  be  the  absence  of  timber  in  the 
region.     The  coal  is  low-grade  bituminous,  slightly  better  than  lignite. 

During  the  past  25  years  vessels  of  the  whaling  fleet  and  revenue 
cutters  have  occasionally  obtained  a  supply  of  coal  from  the  croppings 
of  the  seams  in  the  sea  cliff's,  and. in   1900  and  1901  over  1,000  tons 

aSchrader,  F.  C.  (with  notes  by  W.  .1.  Peters),  A  reconnaissance  in  northern  Alaska  in   190B 
Prof.  Paper,  U.  S.  Geol.  Survey  No.  20,  p.  109. 
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Ave  re  mined  and  sold  at  Nome  for  from  $18  to  $25  a  ton  in  competition 
|vith  Washington  and  British  Columbia  coals.  The  coal  obtained  has 
Inot  given  satisfaction  as  compared  with  coals  from  Washington  and 
British  Columbia.  While  it  produces  steam  rapidly  it  is  not  lasting 
Ind  leaves  too  large  a  percentage  of  clinker  and  ash.  These  defects  are 
perhaps  partially  remediable  by  better  mining  methods.  A  limited 
kmount  of  coal  from  Corwin  Bluff,  if  its  delivery  could  be  relied  on, 
Ivould  find  read}^  sale  to  whalemen  and  vessels  of  the  Revenue-Cutter 
Service  at  not  less  than  $10  a  ton  delivered  on  the  beach.  At  the 
^resent  time  these  coals  can  not  compete  at  Nome  with  the  outside 
joals,  but  in  the  mining  camps  of  the  northern  portion  of  Seward 
Peninsula  outside  coal  rarety  sells  for  less  than  $30  a  ton,  and  probably 
ibout  1,000  tons  of  this  coal  could  be  easily  disposed  of  each  year. 
Should  future  development  of  Alaska  or  of  the  commercial  activities 
)f  the  world  create  such  a  demand  for  coal  of  this  character  as  to 
ustify  the  building*  of  a  railroad  to  the  region  the  supply  of  coal  will 
probably  be  found  sufficient  for  many  years'  demands. 

The  Paleozoic  coals  are  also  undeveloped.  They  occur  in  limited 
ireas  and  the  beds  are  very  much  crumpled  and  broken,  so  that  mining 
vill  be  difficult  and  expensive.  The  largest  beds  seen  are  less  than  5 
!eet  thick.  On  the  other  hand  the  coal,  a  semibituminous  of  good 
quality,  will  compare  favorably  as  a  heat  producer  with  any  coal  used 
>n  the  Pacific  coast,  and  will  probably  be  suitable  for  man}^  such 
special  purposes  as  blacksmithing  and  metallurgy.  The  anchorage 
for  vessels  near  these  deposits  is  protected  from  northeast  gales  and 
partially  protected  from  south  winds  also,  so  that  the  coal  can  be  more 
Easily  lightered  than  that  at  the  Corwin  bluffs.  Marryat  Inlet,  which 
could  be  reached  by  a  short  railroad  from  the  coal  fields,  affords  a  good 
harbor  for  schooners  drawing  not  over  10  feet,  where  permanent  docks 
and  coal  bunkers  can  be  easily  maintained. 
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Kruzgamepa  region,  work  in 23 

Kuik  Arm,  location  of 90 

|  Kuiu  Islands,  rocks  of 19 

Kukpuk  Riv-er,  coal  on 181,188 

location  of 172 

Kushtaka,  Lake,  coal  at 118-144 

Kushtaka  formation,  occurrence  and  char- 
acter of 128,  1  12 

L. 

Landsburg,  G.  N.,  acknowledgments  to 152 

Last  Chance  Company,  work  of 31 

Lava,  occurrence  of 49,  56 

Lead,  occurrence  of 61 

See  also  Galena. 

Lewis,  Cape,  coal  at 182 

Lignite,  use  of 41 

See  also  Coal. 

Limonite,  occurrence  of 61 

Lindgren,  W.,on  metasomatic  alteration...  84,86 
Lisburne,  Cape,  access  to 173 

coal  fields  of 172-185 

geology  of 171-176 

investigations  at In,  17, 174 

location  of 172 

Mesozoic  coal,  occurrence  and  charac- 
ter of  176-181 

Paleozoic  coal,  occurrence  and  charac- 
ter of  181-185 

!   Lisburne  Mountains,  location  of 172 

rocks  of 174 

Little  basin,  developments  and  methods  on .        53 

Little  Creek,  deposits  near 20 

Little    Minook    Creek,    developments  and 

methods  on 111-112 

rocks  on 110 

Little  Minook,  Jr., Creek,  location  and  char- 
acter of 112 

Lituya  Bay,  placers  at 88 

Lodes,  gold,  occurrence  and  extent  of 22, 

49-50, 54, 69-70, 98-99, 100-103 

Lodes,  tin,  occurrence  of 121-125 

Lookout  mines,  work  on 62 

Lost  River  district,  location  and  rocks  of. . .       121 

tin  of 120-124 

Loyalsock  coal,  analysis  of 117 

Lucky  Chance  mine,  developments  at 58 

Lumber,  occurrence  and  value  of 26 

Lynx  Creek,  copper  on 99 

location  and  character  of 92 

Lynx  Mountains,  rocks  of 110 

M. 

McConnell,  R.  G.,  on  Klondike  fields 38 

McDonald  bar,  gold  from 113-114 

McGinnis  Creek,  work  on 54 

McKinley  Creek,  developments  on 51-52 

McLenigan,  S.  B.,  information  from L83 

McNeil  Canyon,  coal  at 152,  L58 

coal  at,  analysis  of 170 

Machinery,  use  of 40,  44 

Maddren,  A.  G.,  information  from  ...   162,  181-182 
Makushin,  Mount,  height  of 102 
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Mammoth  Creek,  work  on 29 

Mammoth  mines,  character  of  and  develop- 
ments at 55 

Map  of  Alaska 14 

of  Alaska,  southwestern  156 

of  Bering  River  coal  field 142, 143 

of  Kachemak  Bay 156 

of  Rampart  placer  region 105 

of  Turnagain  Arm  placer  region 91 

Marble,  occurrence  of 48-49, 61, 68 

Margery  claims,  ores  of 61 

Marryat  Inlet,  port  at 183, 185 

Marsh,  S.  J.,  information  from 183 

Martin,  G.  C,  on  Alaska  petroleum  fields..       16, 

128-137 

on  Bering  River  coal 140-150 

on  Cape  Yaktag  placers 88 

on  Shumagin  Island  gold 100 

on  Unga  Island  coal 167-168 

work  of 16, 151 

Mary  Creek,  character  of 130 

Mastodon  Creek,  work  on 29 

Matanuska  River,  coal  on 151, 153-154 

coal  on,  analysis  of 170 

location  and  geology  of 153 

Mendenhall,  W.  C,  on  Copper  River  region.        16 

on  Matanuska  River  coal 153-154 

on  Sunrise  series 93 

Mesozoic  rocks,  coal  in 176-181, 184 

occurrence  of 101, 133, 175-176 

Methods  of  placer   mining.     See   Mining, 

placer,  methods  of. 
Mexican  mine,  developments  and  methods 

at 52-53 

location  of 69 

Miller's  camp,  rocks  and  developments  at. .  65, 67 
Mills  Creek,  location  and  character  of. . .  92, 96-97 

placers  on 96-97 

Mineral  deposits,  occurrence  of,  investiga- 
tion of  13-14 

Miner's  inch,  equivalents  of 41-42 

Mining,  alluvial,  definition  of 33 

See  also  Mining,  placer. 

Mining,  drift,  definition  of 32 

See  also  Mining,  placer. 

Mining,  gravel,  definition  of 32 

See  also  Mining,  placer. 

Mining,  hydraulic,  definition  of 32 

See  also  Mining;  placer. 
Mining,  open-cut.    See  Mining,  placer. 

Mining,  placer,  account  of 18-31 

cost  of 15, 19, 28, 41-46 

method  of  calculation  of 42-43 

definition  of 32 

difficulties  of 36-38 

financial  results  of 18-19, 37 

influence  of  geology  and  topography 

on 38 

investigation  of 15 

methods  of 32-40 

mistakes  in 36-37 

waste  in 19 

Minook  Creek,  gold  on 107, 114 

location  and  character  of 107-108 

rocks  on 109-110 
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production 18 

Miocene  Co.,  methods  of 21 

Miocene  rocks,  occurrence  of. .  89, 100-101, 128, 168 

Mittendorf, ,  coal  reported  by 162 

Moffitt,  F.  H.,  on  Cook  Inlet  region 31 

on  Turnagain  Arm  placers 90 

work  of 16 

Moose  Creek,  coal  on 154 

Moria  Sound,  rocks  at 62 

Morris.  Captain,  acknowledgments  to 152 

Mosquito  Fork,  water  from 30 

Mount  Andrew  mines,  location  of  and  de- 
velopments at 63 

Mount  Vista  claims,  character  of 67 

Murder  Cove,  coal  at 56-571 

N. 

Naknek  formation,  occurrence  and  char- 
acter of 131, 135 

Nanaimo  coal,  analysis  of 147, 171 

Navy  Department,  attempts  to  find  coal  by.  56 

Nevada  Creek,  gold  ores  at 50 

New  South  Wales  coal,  analysis  of 147 

New  York  ledge,  character  of 64 

Niblack,  copper  at 51 

Niblack  Anchorage,  location  of 62 

Nickel,  occurrence  of 61 

Niuluk  River,  work  on 23 

Nizina  district,  cost  of  mining  in 44 

developments  in .' 31 

placers  of,  character  of 36 

Noatak  River,  rocks  on 183 

timber  on 173 

Nome,  conditions  at 19 « 

fuel  at 41 

methods  at 20 

placers  of,  character  of 35-361 

predictions  concerning 14 

production  at 20 

surveys  at 15 

tin  near 127 

uplift  at 14 

Nome  Arctic  Railway,  extension  of 21 

Nugget  Creek,  developments  and  methods 

on 52 

O. 

Oil  Bay,  oil  at,  character  of 137-1381 

oil  well  at,  record  of 133 

Oligocene  rocks,  occurrence  of. . .  121, 142, 152, 1681 
Oliphant,   F.    H.,    on    Controller  Bay  oil 

wells 131-133 

Oliver,  R.  B.,  work  of 16 

Olympic   Mining  Co.,  mines  of,    develop- 
ments of 59-60 

Omega  Creek,  location  and  character  of  . . .      Ill 
Open-cut  mining.    See  Mining,  placer. 

Ophi  r  Creek,  cost  of  mining  on 44J 

production  on 20 

work  on 23 

Oregon  coal,  analysis  of 171i 

Oregon  ledge,  character  of 64J 

Ores,  gold,  classes  and  occurrence  of 50-51 

( )sborn  Creek,  work  on = 22l 
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aige,  Sidney,  work  of 15 

aleozoic  rocks,  coal  in 181-185 

occurrence  of 174-175 

aimer  Creek,  location  and  character  of..       92, 

95-96 

placers  of 95-9G 

edro  Creek,  developments  on 26-27 

placers  on,  character  of 26-27, 39 

enberthy,  S.  T.,  acknowledgments  to 152 

enniman  &  Browne,  oil  tests  by 137-138, 146 

enny  region,  work  in 21 

ennsylvania  coal,  character  of 147 

eril  Straits,  rocks  at 57 

erseverance  mine,  developments  at 53 

eterson  mines,  work  at 54 

etroleum,  character  of 137-138 

cost  of 41 

etroleum  fields,  geology  of. .  128-131, 134-135, 139 

investigations  in 15 

location  of 128, 134, 138 

oil  of,  character  of 137-138 

See  also  Controller  Bay,  Cold  Bay,  and 
Cook  Inlet  fields. 

ioneer  Company,  methods  of 21 

ioneer  Creek,  location  and  character  of..  115-117 

itmegea  River,  location  of -172 

lacer  mining.    See  Mining,  placer. 

acers,  bench,  character  of 33, 34 

methods  of  working  of 34 

acers,  creek,  character  of 33 

methods  of  working  of 34 

acers,  gold ,  classification  of 33 

investigation  of 14, 15 

occurrence  of 19-24, 35-36, 38-39, 51, 95-96 

production  of 18 

acers,  gravel-plain , (.character  of 33, 35 

method  of  working  of 35 

acers,  hillside,  character  of 33, 34 

methods  of  working  of 34 

acers,  lake-bed,  character  of 33 

methods  of  working  of 35 

acers,  river- bar,  character  of 33, 34 

methods  of  working  of 34 

acers,  sea-beach,  character  of 33, 35 

methods  of  working  of 20, 35, 89 

occurrence  of 35-S6, 89, 101 

acers,  tin,  occurrence  of 126-127 

acers,  tundra.    See  Placers,  gravel-plain. 

atinum,  nonoccurrence  of 33 

eistocene  rocks,  occurrence  of 176 

>cahontas  coal,  analysis  of 147 

)int  Hope,  location  and  character  of . . .  172-173 

>pof  Island,  placers  of 101 

mmpine  Creek,  gold  on 51 

work  on 31 

>rcupine     district,     developments     and 

methods  in 51-52 

placers  of,  character  of 36 

)rt  Camden,  coal  at 57 

)rt  Clarence  precinct,  work  in 24 

)rt  Graham,  coal  at 151, 152, 160 

coal  at,  analysis  of 1 70 

)rtage  Bay,  coal  at 169 

>rtage  Glacier,  location  of 93 
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Portage  Mountain,  minesat 60 

Portlock,  N.,  on  Alaska  coal 151,160 

Prince  of  Wales  Island,  copper  at 51,61-64 

marble  on 68 

rocks  of 61-62 

Prince  William  Sound,  copper  smelting  at.      171 

Prindle,  L.  M.,  on  Fairbanks  placers 17,26-28 

on  Portymile  and  Birch  Creek  placers.        17 

on  Rampart  placer  region 104   L19 

work  of 17 

Puget  Sound  coal,  cost  of 153 

Pumping,  cost  of 45 

Purington,  0.  W.,  on  methods  and  cost  of 

mining 32-46 

work  of 15, 19 

Puyallup  mines,  developments  at 66 

Q. 

Quail  Creek,  location  and  character  of 108, 

114-115 

rocks  on 115 

Quartz  mines,  occurrence  of 22 

Quaternary  rocks,  occurrence  of 176,180 

Queen  Creek,  coal  on 144,146 

rocks  on 142 

section  on,  diagram  showing 141 

R, 

Rampart,  experimental  station  at 109 

location  of 104 

Rampart  region,  access  to 104-105 

conditions  in 25 

development  of 105, 111-119 

future  of 119 

gravels  of 38, 113-114 

investigations  at 15, 17 

geography  of 105-109 

geology  of 109-110 

hydraulic  mining  in 119 

location  of 104 

map  of 105 

mines  of,  developments  and  methods 

at 111-119 

placer  mining  in,  account  of 25, 104-119 

placers  of,  character  of 36 

production  of 106 

vegetation  in 109 

Rampart  series,  occurrence  and  character 

Of 109-110 

Raymond,  R.  W.,  definition  by 32 

Ready-Bullion    mine,    developments    and 

methods  at 52-53 

dike  in,  figure  showing 80 

location  of 69 

Red  River,  coal  on 163 

Resurrection  Creek,  location  and  character 

of 91-92, 94 

placers  of 95-96 

Revillagigedo  Island,  mines  on,  character 

of  and  developments  at 67-68 

Rhode  Island  Creek,  character  of 118 

Robertson,  W.  F.,  analysis  by 146 

Rodman  Bay,  gold  ores  at 50 
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Rodman  Bay,  mines  at,  character  of   and 

developments  at 58-59 

rucks  at 57 

Ruby  (  reek,  developments  and  methodson  .      114 

rocks  on . 109, 1 1  1 

Russian  American  Co.,  investigations  by. ..        90 
Russians,  prospecting  by 90 

S. 

Sabine  Cape,  coal  near 179-180 

Salmon  Rivei',  developments  and  methods 

on 52 

Sand  P.oint,  placers  near 101 

Sawmill  Creek,  lodes  on 98-99 

Schaller,  W.  T.,  analysis  given  by 171 

Schists,  occurrence  of 48, 109 

Schrader,    F.   C,   on    Cape    Lisbnrne   coal 

field 173-174, 180, 184 

Schwerin,  R.  P.,  coal  mining  by 152 

Sealevel,  ores  at 51 

work  at 65,  67-  68 

Seattle  bar,  location  and  character  of 116 

Seldovia,  port  at 9'j 

Serpentine  River,  gold  on 24 

Seward  Peninsula,  cost  of  mining  in 15, 19, 43 

ditches  in,  construction  of 21 

dredging  in,  cost  of 44 

gold  fields  of 19 

investigations  in 15, 16 

methods  in , 20, 21, 40 

placer  mining  in,  account  of 19-24 

placers  of,  character  of 19,35-36 

production  of 18, 19 

tin  of 120 

transportation  in '. 19 

wages  in 20, 21 

water  supply  in 19,  21 

winter  work  in 20 

See  also  Nome;  Bluff,  Council,  Kougarok, 
Kruzgamepa,  and  Solomon  Riv- 
er regions;  Casadepaga  River: 
Port  Clarence,  Fairhaven,  and 
Goodhope  precincts. 

Seymour  Canal,  ores  at 56 

Shakan,  marble  near 68 

Sheep  Creek,  coal  on 159 

gold  ore  at 50 

work  at 53 

Shepherd,  F.  H.,  analysis  by 146 

Shepherd  Creek, coal  of,  character  of 146,  lis 

ci  tail  on,  section  of 145 

Shi  la  k,  lake,  location  of 92 

topography  at 94 

Shirley  Bench,  location  and  character  of  . .       118 

Shovel,  steam,  limitations  of 44 

Shovel  Creek,  work  on 22 

Shoveling  in,  character  of 34 

cost  of 11,  15 

Shuck  River,  gold  at 51 

Shumagm  Islands,  coal  of 167-168 

location  of 100 

mines  of 100-101 

Shumagin  mines,  location,  character  of 101 

Silver,  occurrence  of 61 ,  114, 124 

production  of 48 
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Sil  ver  Bay,  mines  near 57-58 

Silver  Bow  basin, gold  ores  in 50 

Silvertip  Creek,  location  and  character  of  . .        92 
Sitka    mining  district,  developments  and 

methods  in 57-59 

gold  in 50 

Sitniak  Island,  coal  on 163 

SixmileCreek,  location  and  character  of.  91-92,94 

placers  of 96-97 

Skagway  mining  district,  mines  of 51-52J 

Skookum  Creek,  water  from 115 

SlateCreek  (  Copper  River  region),  work  on.       31 
Slate    Creek   (Rampart    region),    location 

and  character  of Ill 

slate  Creek  (Turnagain  Arm  region), lodes 

on 98-93 

Sla  tes,  (diameter  of 71,  73-74 

occurrence  of 48-49, 87 

Snake  Valley,  mining  in 211 

tin  in 127 

Snettisham,  gold  ore  at 50, 531 

Snow  River,  location  and  character  of 92! 

Solomon  River,  bridge  over 22] 

Solomon  River  district,  methods  in 22j 

production  of 20 

placers  of,  character  of 35 

South  Coast  province,  character  of 37^ 

extent  of 42 

placers  of ,  character  of 35-S 

Spencer,  A.  C,  on  Juneau  district 49,5a 

on  Pacific  Mountain  system 85i 

on  Treadwell  ore  deposits 50, 53,  69-87 

we  >rk  of 16 

Sphalerite,  occurrence  of 61, 82, 91 

Spruce  Creek,  gold  ores  on 5(1 

Spurr,  J.  E.,  analysis  given  by 14fl 

on  Rampart  series 109 

on  Yukon  district 104 

Squaw  Harbor,  mines  at lOt 

Stanley-Brown,  J., on  Yakutat  Bay  sands  . .        83 

Stanton,  T.  W.,  work  of 16, 154. 161 

Stca  m  shovels,  use  of 19, 21 

Steiger,  George,  analyses  by 169-173 

Stetson  Creek,  placers  of 98j 

Stewart  mine.     See  Cache  mine. 

Stillwater  Creek, coal  on 1431 

Stone,    R.    W.,    on    coal   of   southwestern 

Alaska 151-171 

work  of 16 

Strawberry  Harbor,  oil  wells  at 131' 

Stripping,  cost  of 45, 4a 

explanation  of 34 

Sullivan,  E.C.,  analysis  by 146 

Sumdum,  mining  at 53j 

Sunrise,  location  and  character  of 91,93 

Sunrise  district,  placers  of,  character  of 36 

Sunrise  series,  occurrence  and  character  of.  93-941 

Sunset  Creek,  ditch  to 24 

Sushitna  basin,  coal  in 151 

T. 

T  Harbor,  work  at 54 

Xanana  basin,  drainage  of 108-lOi 

Tanana- Yukon  region.    See  Yukon-Tanana 

region. 
Tellurium  mine,  developments  and  meth- 
ods at 5a 
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rertiary  rocks,  occurrence  oi 101 

thanksgiving  Creek,   location  and  charac 

terof 118-119 

I'l'   lis  Creek,  location  of 172 

rhetis  group,  location  of 173 

mines  of 1 79 

rhompson,  W.,  information  from l si 

rhompson,  Cape,  coal  at 183 

rhompson  Creek,  coal  on L65  L66 

rin  City,  location  of 124 

rin  Creek,  tin  on .       121 

work  on 123-124 

I'iii  deposits,  location  of 120 

lode  deposits  of 121-125 

occurrence  of 32 

placers  of 126-127 

Topkok  district,  placers  of,  character  of...         36 

ropkok  Ditch  Company,  work  of 22-23 

Eopographic  work,  progress  in 15 

Trail  ('reek,  oil  well  on 136 

Tram  ways,  cost  of 11 

Transportation,  cost,  difficulty,  and  means 

of 19, 

24, 26, 28, 30, 31, 88, 93j  L04,  105,111,115 

Travers  Creek,  coal  at 155 

Tread  well,  location  and  population  of 69 

Tread  well  mines,  character  of 69-87 

developments  and  methods  at 52-53 

geology  near,  maps  showing 71 

ores,  bodies  of 70-87 

character  of 77-78 

dikes  in i 84  85 

fractures  in,  origin  of 85-86 

metasomatic  alteration  in 83-84 

minerals  in 77-78, 81^82 

persistency  of-. 70,  87 

shape  of 78-79 

value  of 78 

reining  of 79-80, 87 

waters  of,  source  of 79,86  87 

ores  of 50,  52 

production  of 52 

Set    also    Mexican,    Alaska,  Treadwell, 
and  Ready-Bullion  mines. 

Triassic  rocks,  occurrence  of 1  35 

Trinity  Islands,  coal  on 163 

Troublesome  Country,  location  of 106 

Troublesome  Creek,  location  and  character 

of i08 

Troublesome  Gulch,  coal  at 155 

Trout  Creek,  coal  on 144,141',.  Ms 

section  on 1 44 

iFurnagain  Arm,  location  of 90 

tides  of '.i I 

rurnagain  Arm  region,  copper  in 99 

geography  of 90-93 

geology  of 93-94 

gold  of 94-98 

investigations  in 16 

location  of 90 

lodes  of 98 

map  of 91 

methods  in 95 

mines  of 95-98 

placers  of 95  98 

production  of 90 
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Twin  Creek,  placers  on,  character  of 39 

Tyonok,  coal  at L51,  L53  155 
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Qgashik  Lake,  coal  reported  al 162 

Unalaska,  lode  near 102,103 

Qnalaska  Island,  development  of L03 

geolpgy  of 1U2  L03 

location  of 102 

lodes  of 103 

topography  of L02 

Unga  conglomerate,  occurrence  of L68 

Unga  Island,  coal  at,  analyses  of L51    L53, 

167-168,  170,  171 
rocks  of 100-101 
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Valparaiso  claim,  ores  of 

Venetian  Creek,  work  on 

Virginia  claims,  character  of. 
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Wade  Creek,  work  on 

Wages,  rates  of 20,21,40, 

Wainwright  Inlet,  rocks  at 

Walker  Fork,  work  on 

War  Horse  mine,  developments  and  meth- 
ods at 

Ward  Creek,  work  on 

Washburne,    Chester,    on    Cape    Lisburne 

coal  

Washing  plant,  necessity  for 

Washington  coal,  analysis  of 

Washington  ( 'reek,  gold  on 

Waste  in  placer  mining.  See  Mining,  placer. 
Water,  cost  of 

pumping  of 

Water  supply,  necessity  for 

Watergate,  use  of 

Wellington  coal,  cost  of 1 

Welsh  coal,  analysis  of 

Wetherbee,  J.  L.,  acknowledgments  to 

Whalers  Creek,  coal  on 

section  on 

Wharf,  E.  G.,  acknowledgments  to 

What  Cheerbar,  location  and  characterof.  1 
White  channel  gravels,  productiveness  of.. 

Wild  Goose  Co.,  met  hods  of 

Windfall  Creek,  gold  at 

Windham  Bay,  gel  1  at 

work  at „ 

Wiseman  Creek,  gold  on 

Witherspoon,  1).  C.  work  of 

Woewodski  Island,  mines  on 

ores  of 

Wolverine  Mountains,  rocks  of 

Wood,  cost  of 

Wood choj .per  Creek,  work  on 

Woronkofski  I s la  i id,  rocks  on 

Wosnessenskij  Ilia,  on  Alaska  coal 

Wrangell  mining  district,  location  of 

minesof,  developments  and  met  hods  a  t . 

ores  of  

Wright,  C.  W..  on  southeastern  Alaska 

work  oi 15-16, 
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Wright,  K.  E.,  on  southeastern  Alaska 47-68 

work  of 15-16, 47 

Y. 

Yakima,  gold  ores  at 50 

Yaktag,  Cape,  geology  of 88-89 

methods  at ■....        89 

oil  at 139 

placers  of 88-89 

production  of 88 

Yakutat  Bay,  placers  at 88 

sands  at 89 

Yankee  Cove,  work  at 54 

York  region,  investigations  in 16 

tin  m  120-127 
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York  River,  tin  on 126 

Young  Bay,  mines  of,  developments  and 

methods  at 55-57 

YTukon  basin,  drainage  of 107-108 

Yukon  district,  placer  mining  in,  account 

of 25-31 
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